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SECTION  1 
INTRODUCTION 
C.  S.  Oodin 

Chemicals  that  ars  structural  analogs  of  the  hypolinidemic  agent, 
clofibrate  (Lalwani  et  al.,  1983)  and  industrial  chemicals  such  as  phthalate 
ester  plasticizers  and  phiB.noxy  acid  herbicides  (Reddy  et  al.,  1976;  Kawashima 
at  al.,  1984)  induce  hepatomegaly  and  a  large  increase  in  the  nuaiber  of 
hepatocytic  peroxisomes  as  well  as  changes  in  their  enzyme  content  (Moody  and 
Reddy,  1978;  Reddy  and  Lalwani,  1983).  Peroxisome  proliferation  has  been 
correlated  with  hepatocarcinogenic  potency  (Reddy  et  al.,  1980;  Elcombe,  1985) 
and  it  has  been  suggested  that  peroxisome  proliferators  promote  tumor 
formation  by  inducing  oxidative  stress  (Reddy  and  Lalwani,  1983;  Reddy  and 
Rao,  1987;  Rao  and  Reddy,  1987)  or  by  providing  a  mitogenic  stimulus  (NTP, 
1982;  Ciriolo  at  al.,  1982;  Ward  at  al.,  1984;  Marsman  at  al.,  1988)  resulting 
in  an  increase  in  the  amount  of  S-phase  DNA  synthesis. 

The  perf luorinated  carboxylic  acid,  perfluoro-n-decanoic  acid  (PFDA), 
has  previously  been  shown  to  cause  hepatomegaly  (Olson  et  al.,  1982), 
peroxisome  proliferation  (Ikeda  et  al.,  1985;  Van  Rafelghem,  1985)  and  a  20-- 
to  40-fold  increase  in  fatty  acyl-CoA  oxidase  activity,  the  rate-limiting 
enzyme  in  the  fatty  acid  oxidase  system  (Harrison  et  al.,  1988).  Therefore, 
perf luorinated  carboxylic  acids  may  represent  a  new  class  of  carcinogenic 
compounds  although  there  has  been  no  evidence  to  suggest  that  PPOA  can  promote 
the  formation  of  preneoplastic  lesions  (Robertson,  personal  communication)  or 
that  it  is  tumorigenic.  Of  particular  interest  then,  is  the  recent  finding 
that  perfluoro-n-octanoic  acid  (PFOA)  administration  resulted  in  a  33% 
incidence  in  hepatocellular  carcinoma  seven  months  after  initiation  and 
growth-selection  with  2-acetylaminof luorene  in  male  Wistar  rats  (Abdellatif  et 
al.,  1990).  In  that  study,  PFOA  also  resulted  in  a  24-fold  elevation  in  the 
peroxisomal  8-oxidation  of  fatty  acids.  These  authors  have  suggested  that  the 
induction  of  peroxisomal  fatty  acid  oxidation  is  consistent  with  the 
hypothesis  that  oxidative  stress  is  important  in  tumor  promotion  by  this  class 
of  compounds 

While  the  administration  of  peroxisome  proliferators  has  been  correlated 
with  tumor  formation  they  have  not,  as  a  class,  demonstrated  genotoxic  effects 
(Warren  et  al.,  1980;  Gupta  et  al.,  1985).  However,  because  PFDA  is 
representative  of  a  potentially  new  class  of  carcinogens  and  to  mors  fully 
evaluate  the  potential  human  health  hazards  of  these  compounds,  in  vitro  and 
in  vivo  tests  were  conducted  to  determine  their  genotoxic  potential. 
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PrOA  OENOTOXICITY  SUMMARY  EVALUATION 
B.C.  Myhr 

The  compound,  nonadecaf luorodecanoic  acid  (perf luorodecanoic  acid, 

PFDA) ,  was  tested  for  potential  genotoxic  activity  by  application  to  several 
in  vitro  assays,  as  described  below,  and  to  a  sensitive  in  vivo  assay  for  DNA 
damage  and  cytotoxicity  in  the  liver.  The  substance  was  supplied  as  white, 
crystalline  flakes,  which  were  found  to  be  soluble  in  dimethylsulf oxide  (DMSO) 
at  concentrations  as  high  as  500  mg/mL.  Solutions  were  prepared  in  DMSO  just 
prior  to  use  in  each  in  vitro  assay.  Glass  containers  and  pipets  were  used, 
and  the  treatments  of  mammalian  cells  in  vitro  were  conducted  in  glass  flasks. 
After  dilution  of  the  stock  solutions  into  culture  medium,  complete  solubility 
was  maintained  at  concentrations  above  1000  ^g/mL;  a  slight  cloudiness  was 
noted  at  a  concentration  of  5000  pg/mL.  For  the  in  vivo  assay,  PFDA  was 
suspended  in  corn  oil  and  mechanically  homogenized,  then  administered  by  oral 
gavace . 

The  Ames  Salmonella  reverse  mutation  assay  was  performed  by  the 
preincubation  method  in  order  to  maximize  the  interaction  between  the  bacteria 
and  PFDA.  Strains  TA98,  TAIOO,  TA1535,  TA1537,  and  TA1538  were  used  in  the 
presence  and  absence  of  a  rat  liver  S9  metabolic  activation  system  (Aroclor 
1254-induced) .  PFDA  was  only  slightly  toxic  over  a  dose  range  of  333  to 
10,000  pg/plate  without  the  addition  of  S9;  with  S9,  no  toxicity  was  observed. 
The  induction  of  revertants  was  assayed  in  cultures  exposed  to  a  series  of 
doses  up  to  10,000  /jg/plate  under  both  test  conditions.  No  increase  in 
revertants  was  obtained.  Therefore,  PFDA  showed  no  detectable  mutagenic 
activity  in  this  bacterial  system. 

In  mammalian  cell  culture,  PFDA  was  tested  for  mutagenic  activity  at  the 
hypoxanthine-guanine  phosphor ibosyl  transferase  (HGPRT)  locus  in  Chinese 
hamster  ovary  (CHO)  cells.  After  a  4-h  exposure  period,  with  and  without  S9 
activation,  the  compound  showed  little  toxicity  up  to  a  concentration  of 
125  pg/mL,  but  became  highly  toxic  at  a  concentration  of  250  fig/mL.  The 
mutation  assay  conducted  without  the  addition  of  S9  was  performed  over  a  dose 
range  of  10  to  160  ^g/mL  and  yielded  a  wide  survival  range  of  9  to  99%.  No 
significant  increase  in  mutant  frequency  was  obtained.  With  S9,  two  trials 
were  performed  in  order  to  achieve  a  survival  range  of  from  18  to  117%.  The 
doses  ranged  from  5  to  160  ^g/mh;  a  concentration  of  200  /ig/mL  was  excessively 
toxic.  No  significant  increase  in  mutant  frequency  was  obtained  in  either 
trial.  Therefore,  PFDA  was  toxic  to  cultured  CHO  cells  but  did  not  induce  any 
detectable  mutagenesis  at  the  HGPRT  locus. 

CHO  cells  were  also  examined  for  cytogenetic  damage  in  assays  for 
chromosomal  aberrations  and  sister  chromatid  exchanges  (SCEs)  after  treatment 
with  PFDA,  The  compound  was  highly  toxic  at  a  concentration  of  167  ^g/mL 
without  the  addition  of  S9;  SCE  analysis  at  this  dose  was  not  possible. 

Little  or  no  toxicity  was  obtained  at  a  concentration  of  50  pg/mL,  and  no 
delay  in  cell  cycle  was  observed.  Analysis  of  SCE  over  a  dose  range  of  1.67 
to  50  pg/mL  showed  no  significant  increase.  No  increase  in  chromosomal 
aberrations  was  obtained  over  a  dose  range  of  75  to  200  ^g/mL,  using  a  normal 
10-h  harvest.  With  the  2-h  treatment  in  the  presence  of  S9,  PFDA  was  lethal 
at  a  concentration  of  501  pg/mL  and  highly  toxic  at  a  concentration  of 
167  fjg/mL,  causing  severe  cell  cycle  delay.  Accordingly,  a  delayed  harvest 
time  of  20  li  was  used  for  doses  of  100  pg/mL  and  higher.  SCEs  were  assayed 
over  a  dose  range  of  5  to  167  pg/mL,  and  no  dose-related  increase  was 
obtained.  Chromosomal  aberrations  were  not  observed  at  concentrations  of  75 


and  100  pg/mL,  but  a  doae-related  response  was  obtained  concentrations  of 
151  and  201  /jg/tnL.  The  increase  that  occurred  at  a  concentration  of  201  ^ig/mT^ 
was  highly  significant  and  was  characterized  by  complex  chromatid  types  of 
aberrations  often  observed  for  chemical  clastogens.  Thus,  PFDA  did  not  cause 
DNA  daimage  as  indicated  by  the  lack  of  SCE  response,  but  clastogenlc  activity 
was  clearly  indicated  in  the  presence  of  S9. 

An  in  vivo  assessment  of  genetic  activity  was  performed  by  dosing  male 
F-344  rats  with  four  doses  of  PFDA  ranging  from  5.5  to  44  mg/kg.  After  single 
oral  administrations,  primary  hepatocyte  cultures  were  established  to 
determine  the  degree  of  DNA  repair  (unscheduled  DNA  synthesis,  UDS)  and  DNA 
replication  (S-phase)  by  labeling  with  ^H-thymidine  (  HTdr),  followed  by 
autoradiographic  analysis.  The  cultures  were  prepared  15-'' 0  h  after  treatment 
of  the  animals  for  the  UDS  analysis  and  approximately  48  h  after  treatment  of 
additional  animals  for  S-phase  analysis.  None  of  the  treatments  caused  any 
increase  in  nuclear  labeling  or  the  percent  of  cells  in  DNA  repair  relative  to 
control  rats.  Therefore,  PFDA  did  not  induce  any  detectable  UDS.  However, 
evidence  for  liver  toxicity  was  obtained  from  the  S-phase  analysis.  A  maximum 
average  response  of  2.2%  cells  in  S-phase  was  obtained  at  a  dose  of  22  mg/kg, 
compared  to  the  value  of  C.4%  in  control  rats.  This  response  was  decreased  in 
animals  exposed  to  the  high  and  lower  dose.  A  very  similar  response  with  a 
peak  at  22  mg/kg  was  observed  in  the  UDS  assay.  These  increases  in  hepatocyte 
DNA  replication  indicated  a  rapid  response  to  hepatotoxicity  caused  by  the 
treatments  with  PFDA. 

PFDA  was  assayed  for  its  ability  to  induce  morphological  transformation 
in  cultures  of  mouse  BALB/c-3T3  cells,  both  in  the  presence  and  absence  of  a 
rat  liver  S9  metabolic  activation  system.  The  treatments  were  for  2  h  with  S9 
and  72  h  without  S9,  and  two  or  three  independent  trials  were  conducted  under 
each  test  condition.  Clonal  survival  was  determined  from  the  use  of 
ouabain-resistant  cells  in  the  presence  of  the  wildtype  monolayer  cultures. 

The  compound  was  lethal  at  concentrations  of  100  pg/mL  without  S9  and 
1000  ^Jg/mL  with  S9;  halving  the  concentrations  resulted  in  little  or  no 
toxicity,  so  the  survival  was  characterized  by  a  precipitous  drop  over  a 
narrow  concentration  range.  Two  transformation  assays  without  S9  were 
performed  over  an  inclusive  concentration  range  of  50  to  120  pg/mL,  which 
resulted  in  a  survival  range  of  16  to  103%.  No  significant  change  in  the 
frequency  of  transformed  foci  was  obtained  in  either  trial.  Three  trials  were 
conducted  with  the  addition  of  S9  in  order  to  determine  the  effects  of  high, 
intermediate,  and  low  toxicities.  The  inclusive  concentration  range  was 
50  to  500  pg/mL,  and  survivals  ranged  from  apparantly  0  to  112%.  A  sufficient 
number  of  cells  survived  the  treatment  with  500  ijg/mL  to  form  a  complete 
monolayer  and  afford  analysis  for  foci.  The  frequency  of  transformed  foci  did 
not  change  significantly  from  the  control  cultures  in  any  of  the  trials. 
Therefore,  no  evidence  was  obtained  for  transforming  activity  by  PFDA. 

The  results  of  the  above  genetic  tests  indicated  that  PFDA  does  not 
interact  with  genetic  material,  except  possibly  at  highly  toxic  doses.  No 
responses  were  found  in  the  in  vitro  tests  for  mutagenicity,  DNA  damage  (SCE 
induction),  and  cell  transformaticn.  In  the  presence  of  S9,  highly  toxic 
treatments  did  induce  a  dose-related  increase  in  chromosomal  aberrations.  The 
mechanism  of  this  genetic  alteration  remains  unknown  and  could  be  related  to 
indirect  effects  on  chromosome  stability  caused  by  toxic  actions  other  than  at 
the  level  of  DNA.  The  in  vivo  study  of  rat  liver  response  to  PFDA  indicated 
the  rapid  onset  of  a  low-level  hepatotoxicity  but  no  detectable  damage  to  the 
DNA.  Thus,  the  results  of  the  genetic  test  battery  would  predict  little  or  no 


9«natic  risk  from  exposures  to  PFDA.  Highly  toxic  exposures  could  induce  some 
chromosomal  deunage,  and  ingestion  of  PFDA  could  result  in  slight  physiological 
stress  to  the  liver. 
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SECTION  3 


NUTAOENXCZTY  TEST  ON  PFDA  IN  THE  SALMOUELLA/KBWRSK  MUTATION  ASSAY 
(AMES  TEST)  PREINCUBATION  METHOD 

T.E.  Lawlor 


INTRODUCTION 

The  mutagenic  activity  of  PFDA  was  examined  in  the  Sai/noneiia/Reverse 
Mutation  Assay  (Ames  Teat),  Preincubation  Method.  This  assay  evaluated  the 
test  article  and/or  its  metabolites  for  their  ability  to  induce  reverse 
mutations  at  the  histidine  locus  in  the  genome  of  specific  Salmonella 
typlilmurium  tester  strains  both  in  the  presence  and  absence  of  an  exogenous 
metabolic  activation  system  of  mammalian  microsomal  enzymes  derived  from 
Aroclor-induced  rat  liver. 

The  Ames  Test  detects  both  freuneshift  and/or  base  pair  substitution 
point  mutations  in  bacteria  and  has  been  shown  to  be  a  sensitive,  rapid,  and 
accurate  indicator  of  the  mutagenic  activity  of  many  materials  including  a 
wide  range  of  chemical  classes.  Both  base  pair  substitution  mutations  and 
frameshift  mutations  can  be  decscted  by  utilizing  several  different  tester 
strains.  Tester  strains  TA98,  TA1537,  and  TA1538  are  reverted  from  histidine 
dependence  (auxotrophy)  to  histidine  independence  (prototrophy)  by  frameshift 
mutagens.  TA1S3S  is  reverted  by  base  substitution  mutagens  and  TAIOO  is 
reverted  by  mutagens  which  cause  both  frameshifts  and  base  substitutions. 

The  strains  of  Salmonella  typhimurium  used  in  this  assay  were  all 
histidine  auxotrophs  by  virtue  of  conditionally  lethal  mutations  in  their 
histidine  operon.  When  these  histidine-dependent  cells  (his-)  were  exposed  to 
the  test  article  and  grown  under  selective  conditions  (the  use  of  minimal 
media  with  a  trace  amount  of  histidine)  only  those  cells  that  reverted  to 
histidine  independence  (Ais+)  were  able  to  form  colonies.  The  trace  amount  of 
histidine  in  the  media  permitted  the  plated  bacteria  to  undergo  a  few  cell 
divisions  that  are  essential  for  the  full  expression  of  mutagenesis.  The  hia+ 
revertants  were  readily  discernible  as  colonies  against  the  limited  background 
growth  of  the  his-  cells. 

MATERIALS  AND  METHODS 

The  experimental  materials,  methods,  and  procedures  were  based  on  those 
described  by  Ames  et  al.  (1975)  and  Yahagi  et  al.  (1975). 

Madia  and  Reagants 

Top  Agar  for  Selection  of  Histidine  Revertantst  Minimal  top  agar  was 
prepared  with  0.7%  agar  (w/v)  and  0.5%  NaCl  {w/v).  The  agar  was  sterilized  by 
autoclaving,  distributed  into  sterile  bottles,  and  stored  at  room  temperature 
prior  to  use.  Immediately  before  use  in  the  mutagenicity  assay,  the  top  agar 
was  melted  and  supplemented  with  a  sterile  solution  containing  0.5  mM 
L-histidine  and  0.5  mM  D-biotin  (10%  v/v) . 

Minimal  Bottom  Agan  The  bottom  agar  was  Vogel-Bonner  minimal  medium  E 
(Vogel  and  Bonner,  1956),  supplemented  with  0.2%  (w/v)  glucose. 

Nutrient  Broth:  The  nutrient  broth  used  for  growing  overnight  cultures 
of  the  tester  strains  was  Vogel-Bonner  salt  solution  supplemented  with  2.5% 
(w/v)  Oxoid  Nutrient  Broth  No.  2  (dry  powder). 


■xoganous  Metabolic  Activation 

Livar  Kicrosomal  Enzymea  -  S9  HomoganatBi  The  S9  liver  homogenate  was 
prepared  from  male  Sprague-Dawley  rata  that  had  been  injected  intraperito- 
neally  (ip)  with  hroclor  1254  (500  mg/kg)  five  days  prior  to  preparation  of 
the  homogenate  and  was  purchased  from  Kolecular  Toxicology,  Inc.  The  S9 
homogenate  was  characterized  for  its  ability  to  metabolize  selected 
promutagens  to  their  mutagenic  forma  in  the  Ames  Test  as  described  by  deSerres 
and  Shelby  (1979). 

39  Reaction  Hixturex  A  mixture  of  S9  homogenate  and  cofactors  was 
prepared  immediately  before  use  in  those  assays  that  required  metabolic 
activation.  One  mL  of  this  reaction  mixture  contained  the  following 
components: 


HjO 

0.70 

mL 

l.OOM  NaHjPO^/Na^HPO^,  pH  7.4 

0.10 

mL 

0.25M  Glucose-6-phoaphate 

0.02 

mL 

O.IOM  NAOP 

0.04 

mL 

0.2M  MgCl2/0.825M  KCl 

0.04 

mL 

S9  Homogenate 

0.10 

mL 

Test  System 

Tester  Strains t  The  tester  strains  employed  were  the  Salmonella 
typhimurium  histidine  auxotrophs  TA98,  TAIOO,  TA1535,  TA1537,  and  TA1538. 
Frozen  permanent  stocks  at  each  tester  strain  were  prepared  by  growing  fresh 
overnight  cultures,  adding  DMSO  (0.09  mL/mL  of  culture),  and  freezing  1.5  mL 
aliquots  at  s  -70*0.  The  following  description  of  the  tester  strains  that 
follows  is  based  on  that  provided  by  Ames  et  al.  (1975). 

In  addition  to  a  mutation  in  the  histidine  operon  discussed  in  the 
introduction,  all  strains  contained  two  additional  mutations  that  enhanced 
their  sensitivity  to  some  mutagenic  compounds.  The  r/a  wall  mutation  results 
in  the  loss  of  one  of  the  enzymes  responsible  for  the  synthesis  of  part  of  the 
lipopolysaccharide  barrier  of  the  bacterial  cell  wall.  The  resulting  cell 
wall  deficiency  increases  permeability  to  certain  classes  of  chemicals  such  as 
those  containing  large  ring  systems  (i.e.  benzo(a)pyrene)  that  would  otherwise 
be  excluded  by  a  normal  intact  cell  wall.  The  second  mutation,  a  deletion  of 
the  uvrB  gene,  results  in  a  deficient  ONA  excision  repair  system  that  greatly 
enhances  the  sensitivity  of  these  strains  to  some  mutagens.  Because  the  uvrB 
deletion  extends  through  the  bio  gene,  all  strains  containing  this  deletion 
also  required  biotin  for  growth. 

Strains  TA98  and  TAIOO  also  contained  the  R-f actor  plasmid,  pKMlOl,  that 
further  increases  the  sensitivity  of  these  strains  to  soi.ie  mutagens.  The 
mechanism  by  which  this  plasmid  increases  sensitivity  to  mutagens  has  been 
suggested  to  be  by  modification  of  an  existing  bacterial  ONA  repair  polymerase 
complex  involved  with  the  mismatch-repair  process. 

Master  Plates:  Master  plates  of  the  tester  strains  were  prepared  by 
streaking  each  strain  from  a  frozen  permanent  stock  onto  minimal  agar 
appropriately  supplemented  with  histidine  (260  pH),  biotin  (3  pH),  and  for 
strains  containing  the  R-factor,  ampicillin  (25  pg/ttiL) .  Tester  strain  master 
plates  were  stored  at  6  ±  4*’C. 

Preparation  of  Overnight  Cultures:  Overnight  cultures  ware  prepared  by 
transferring  a  colony  from  the  appropriate  master  plate  to  a  flask  containing 
culture  medium.  In  order  to  assure  that  cultures  were  harvested  in  late  log 
phase,  the  length  of  incubation  was  determined  by  spectrophotometric 
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monitoring.  Inoculated  flasks  were  placed  in  a  shaker/incubator  that  was 
programmed  to  begin  operation  (shaking,  125  ±  25  rpro;  incubation,  37  t  2‘’C}  so 
that  the  overnight  cultures  were  in  log  phase  or  late  log  phase  when  turbidity 
monitoring  began.  Cultures  were  harvested  once  a  predetermined  turbidity  was 
reached  because  overgrowth  of  cultures  can  result  in  loss  of  sensitivity  to 
some  mutagens. 

Confirmation  of  Tester  Strain  Genotypesi  Tester  strain  cultures  were 
checked  for  the  following  genetic  markers  on  the  day  of  their  use  in  the 
mutagenicity  assay: 

rfa  Wall  Mutationi  The  presence  of  the  rfa  wall  mutation  was  confirmed 
by  demonstration  of  sensitivity  to  crystal  violet.  An  aliquot  of  an 
overnight  culture  of  each  strain  was  overlaid  onto  plates  containing 
selective  media  and  an  antibiotic  sensitivity  disk  containing  10  pg  of 
crystal  violet  was  added.  Sensitivity  was  demonstrated  by  inhibition  of 
bacterial  growth  in  a  zone  immediacely  surrounding  the  disk. 

pKMlOl  Plasmid  R-facton  The  presence  of  the  pKMlOl  plasmid  was 
confirmed  for  tester  strains  TA98  and  TAIOO  by  demonstration  of- 
resistance  to  ampicillin.  An  aliquot  of  cn  overnight  culture  of  each 
strain  was  overlaid  onto  plates  containing  selectivd  media  and  an 
antibiotic  sensitivity  disk  containing  10  pg  of  ampicillin  was  added. 
Resistance  was  demonstrated  by  bacterial  growth  in  the  zone  immediately 
surrounding  the  disk. 

Characteristic  Number  of  Spontaneous  Revertants:  The  msan  number  of 
spontaneous  revertants  per  plate  in  the  vehicle  controls  that  are 
characteristic  of  the  respective  strains  was  demonstrated  by  plating  100 
pL  aliquots  of  the  culture  along  with  the  appropriate  vehicle  on 
selective  media. 

Experimental  Design 

Test  Article  Characteristics  and  Handling:  PFDA  (Lot  Wo.  1105ML,  CAS# 
335-76-2)  was  provided  by  the  U.S.  Air  Force.  The  test  article  consisted  of 
white,  crystalline  flakes  (MP  77-79®C,  BP  218®C/740  mm  Hg)  and  was  stored  at 
room  temperature  in  its  original  container.  DMSO  was  used  as  the  vehicle  and 
the  test  article  formed  a  solution  at  a  concentration  of  200  tag/mL  that  was 
the  most  concentrated  stock  dilution  of  test  article  prepared.  The  test 
article  remained  in  solution  at  all  subsequent  dilutions  prepared  for  the 
mutagenicity  assay. 

Dose  Rangefinding  Study:  The  dose  rangef indiug  study  was  conducted 
using  tester  strain  TAIOU  both  ir  the  presence  and  absence  of  S9  microsomal 
enzymes.  TAIOO  was  used  because  the  growth  inhibitory  effect  (cytotoxicity) 
of  the  teat  article  on  this  strain  is  generally  representative  of  the  effect 
observed  on  the  other  tester  strains.  In  addition,  TAIOO* s  comparatively  high 
number  of  spontaneous  revertants  per  plate  affords  the  ability  to  discern 
gradations  of  cytotoxicity  from  routine  experimental  variation.  Also,  the 
cytotoxicity  induced  by  a  test  article  in  the  presence  of  microsomal  enzymes 
may  vary  greatly  from  that  observed  in  the  absence  of  microsomal  enzymes.. 
Therefore,  this  would  require  that  different  test  article  dose  ranges  be 
tested  in  the  mutagenicity  assay  baaed  oi.  the  presence  or  absence  of  the 
microsomal  enzymes. 
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Ten  doses  of  teat  article  ranging  from  10  to  10,000  ^g/plate  were 
tested.  The  assay  was  conducted  using  one  plate  per  dose  in  the  presence  and 
absence  of  S9  microsomal  enzymes.  Cytotoxicity  in  this  study  was  detectable 
as  a  decrease  in  the  number  of  revertant  colonies  per  plate  and/or  a  thinning 
or  disappearance  of  the  bacterial  background  lawn.  Routinely,  the  maximum 
dose  selected  to  be  tested  in  the  mutagenicity  assay  should  demonstrate 
cytotoxicity. 

Mutagenicity  Assay:  The  mutagenicity  assay  was  performed  using  tester 
strains  TA98,  TAIOO,  TA1535,  TA1537,  and  TA1538  and  used  three  plates  per  dose 
in  the  presence  and  absence  of  S9  microsomal  enzymes.  Six  doses  of  the  test 
article  ranging  from  333  to  10,000  pg/plate  were  tested  in  the  absence  of  S9 
metabolic  activation  and  six  doses  ranging  from  33.3  to  10,000  /jg/mX.  were 
tested  in  the  presence  of  S9  metabol.lc  activation  along  with  the  appropriate 
vehicle  and  positive  controls.  The  doses  tested  were  selected  based  on  the 
results  of  the  dose  rangefinding  study  and  reflect  the  fact  that  the  exposure 
of  the  teat  system  to  the  test  article  does  not  cease  at  the  end  of  the  20  min 
preincubation  period.  A  dose  of  10,000  pg/plate  indicates  that  the  bacteria 
are  exposed  to  a  concentration  of  15,400  ug  of  test  article/mL  of  preincuba¬ 
tion  mixture  for  20  min  prior  to  being  combined  with  2  mL  of  overlay  agar  and 
being  overlaid  onto  25  mL  of  bottom  agar. 

Frequency  and  Route  of  Administration:  The  test  system  was  exposed  to 
the  test  article  via  the  preincubation  modification  of  the  Ames  Test 
originally  described  by  Yahagi  et  al.  (1975).  This  methodology  has  been  shown 
to  detect  mutagenicity  with  certain  classes  of  chemicals,  such  as  nitroseunines 
or  volatile  compounds,  that  may  not  be  detected  in  the  standard  plate 
incorporation  method.  All  doses  of  test  article,  vehicle  controls,  and 
positive  controls  were  preincubated  and  plated  in  triplicate. 

Poaitive  Controlat  The  following  compounds  were  used  as  the  positive 
controls:  2-aminoanthracene  (Sigma  Chemical  Co.,  practical  grade); 

2-nitrof luorene  (Aldrich  Chemical  Co.,  90%);  sodium  azide  (Sigma  Chemical  Co., 
practical  grade;  ICR-191  (Polysciences  Inc.,  >  95%  pure).  All  combinations  of 
positive  controls  and  tester  strains  plated  concurrently  with  the  assay  are 
listed  below. 


POSITIVE  CONTROL  ANO  TESTER  STRAIN  COMBINATIONS 


Tester 

Strain 

r9  Mix 

Positive  Control 

Cone, 
per  Plats 

TA98 

+ 

2-aminoanthracene 

2.5  pg 

TA98 

- 

2-nitrof luorene 

1.0  pg 

TAIOO 

2-aminoanthracene 

2.5  pg 

TAIOO 

- 

sodium  azide 

2.0  pg 

TA1535 

+ 

2-aminoanthracen& 

2.5  pg 

TA1535 

- 

sodium  azide 

2.0  pg 

TA1537 

+ 

2-aminoanthracene 

2.5  pg 

TA1537 

- 

ICR-191 

2.0  pg 

TA153a 

+ 

2-aminoanthraeene 

2.5  fjg 

TA1538 

2-nitrof luorene 

1.0  pg 
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Vmhiclm  Controls’.  Appropriate  vehicle  controls  were  plated  for  all 
tester  strains  both  in  the  presence  and  absence  of  S9  microaonal  enzymes.  The 
vehicle  control  was  plated,  using  an  aliquot  of  vehicle  equal  to  the  aliquot 
of  test  article  dilution  plated,  along  with  an  aliquot  of  the  appropriate 
tester  strain,  on  selective  agar. 

Stmrility  Controls:  In  order  to  determine  the  sterjlity  of  the  test: 
article,  the  highest  teat  article  dose  tested  in  the  mutagenicity  assay  was 
checked  for  sterility  by  plating  an  aliquot  volume  equal  to  that  used  in  the 
assay  on  selective  agar.  In  order  to  determine  the  sterility  of  the  S9 
mixture  and  0.1  M  phosphate  buffer,  a  0.5  ml.  aliquot  was  plated  on  selective 
agar. 


Plating  Procedures:  The  plating  procedures  employed  were  similar  to 
those  described  by  Ames  et  al.  (1975)  and  Vahagi  et  al.  (1975).  These 
procedures  were  employed  for  both  the  dose  rangefinding  study  and  the 
mutagenicity  assay.  Each  plate  was  labeled  with  a  code  systee  which 
identified  the  test  article,  tester  strain,  test  phase,  dose,  and  activation 
condition. 

The  test  article  was  diluted  and  the  S9  mixture  was  prepared  immediately 
before  their  use  in  any  experimental  procedure.  When  S9  mix  was  required,  0.5 
mL  of  S9  mix  was  added  to  13  x  100  mm  glass  culture  tubes,  pre-heated  to^  37'  ± 
2‘’C.  To  these  tubes  were  added  100  fjL  of  appropriate  tester  strain  and  50  (jL 
of  vehicle  or  teat  article  dilution.  When  S9  mix  was  not  required,  0.5  mL  of 
O.IM  phosphate  buffer  was  substituted  for  the  S9  mixture.  After  vortexing, 
the  mixture  was  allowed  to  incubate  fcr  20  ±  2  min  at  37  ±  2*C.  Two  mL  of 
molten  selective  top  agar  were  added  to  each  tube  and  the  mixture  was  vortexed 
and  overlaid  onto  the  surface  of  25  mL  of  minimal  bottom  agar  contained  in  a 
15  X  100  mm  petri  dish.  After  the  overlay  had  solidified,  the  plates  were 
inverted  and  incubated  for  48  ±  8  h  at  37  t  2*C. 

Scoring  Plates:  Plates  that  were  not  scored  immediately  after  the  48-h 
incubation  period  were  held  at  6  f  4*C  until  scoring  could  be  completed. 

The  condition  of  the  background  bacterial  lawn  was  evaluated  for 
evidence  of  cytotoxicity  caused  by  the  test  article  by  using  a  dissecting 
microscope.  The  cytotoxicity  was  scored  relative  to  the  vehicle  control  plate 
and  has  been  noted  along  with  the  revertant  counts  for  all  plates  at  that  dose 
on  the  data  tables  using  the  code  system  presented  in  Appendix  3-A.  In 
addition  to  the  cytotoxicity,  any  test  article  precipitate  observed  on  the 
plates  was  also  noted  at  the  appropriate  dose  on  the  data  tables,  again  using 
the  code  system  presented  in  Appendix  3-A. 

Revertant  colonies  for  a  given  tester  strain  and  activation  condition 
were  counted  either  entirely  by  automated  colony  counter  or  entirely  by  hand. 
If  the  plates  contained  sufficient  test  article  precipitate  to  interfere  with 
automated  colony  counting,  then  they  were  counted  manually. 

For  all  replicate  platings,  the  mean  number  of  revertants  per  plate  was 
calculated  and  the  standard  deviation  around  the  mean  was  also  calculated. 

RZSULTS  AND  DISCUSSION 

Dose  Rangefinding  Study 

The  doses  of  PFDA  for  testing  in  the  mutagenicity  assay  were  selected 
based  on  the  results  of  the  dose  rangefinding  study  conducted  on  the  test 
article  using  tester  strain  TAIOO.  Ten  doses  of  the  tost  article  ranging  from 
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10  to  10,000  fjg  per  plate  were  tested  and  the  results  are  presented  In  Table 
3-1.  No  cytotoxicity  was  observed  in  the  presence  of  S9  as  evidenced  by  a 
normal  background  lawn  and  no  decrease  in  the  number  of  revertants  per  plate. 
In  the  absence  of  S9,  a  slight  reduction  of  the  bacterial  background  lawn  was 
observed  at  doses  of  333  pig  per  plate  and  above.  This  lawn  reduction  was  not 
accompanied  by  a  decrease  in  the  number  of  revertants  per  plate. 

TABLE  3-1.  DOSE  RANO&FINDINO  STUDY  FOR  PFDA 


TAIOO  Revertants  par  plate 

Mith 

S9 

Without 

S9 

Number  of 

Appearance  of 

Number  of 

Appearance  of 

Colonies/Plata 

Background 

Colonies/Plate 

Background 

)i9/Plata 

liSwn* 

Lawn* 

0.00  (Vehicle) 

(50  pL) 

109 

1 

106 

1 

PFDA 

10.0 

83 

1 

100 

1 

33.3 

116 

1 

99 

1 

66.7 

105 

1 

94 

1 

100 

99 

1 

81 

1 

333 

115 

1 

109 

* 

667 

117 

i 

97 

2 

1000 

111 

1 

93 

2 

3330 

91 

1 

72 

2 

6670 

91 

1 

79 

2 

10000 

94 

1 

83 

2 

*Background  Lawn  Evaluation  Codes: 

1  >  normal 

2  *  slightly  reduced 

3  ■  moderately  reduced 
Bp  >  slight  precipitate 
mp  -  moderate  precipitate 

(requires  hand  count) 


4  «  extremely  reduced 

5  «  absent 

6  ■  obscured  by  precipitate 
hp  ■  heavy  precipitate 

(requires  hand  count) 


Mutagenicity  Assay 

The  results  of  the  dose  rangefinding  study  were  used  to  select  6  doses 
to  be  tested  in  the  mutagenicity  assay.  The  doses  selected  ranged  from  333  to 
10,000  pg  per  plate  in  the  presence  of  S9  and  from  33.3  to  10,000  pg  per  plate 
in  the  absence  of  S9.  Because  lawn  toxicity  was  observed  in  the  absence  of  S9 
in  the  dose  rangefinding  assay,  a  wider  dose  range  was  covered  in  the  absence 
of  S9  in  the  mutagenicity  assay. 

The  mutagenicity  assay  results  for  PFDA  are  presented  in  Tables  3-2  and 
3-3.  The  data  are  presented  as  mean  revertants  per  plate  1  standard 
deviation  for  each  treatment  and  control  group  (Table  3-3)  and  as  individual 
plate  counts  (Table  3-2).  All  data  were  acceptable  and  no  positive  increase 
in  the  number  of  histidine  revertants  per  plate  was  observed  either  in  the 
presence  or  absence  of  S9  microsomal  enzymes.  All  criteria  for  a  valid  study 
were  met  (See  Appendix  3-B). 
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CMfCLUSION 

Th«  rasults  of  tha  Sdimonaiid/Reverse  Mutation  assay  (Antes  Test), 
Praincubatlon  Method,  indicated  that  under  the  conditions  of  this  study,  PFDA 
did  not  cause  a  positive  Increase  In  the  number  of  histidine  rstvertants  per 
plate  for  any  of  the  tester  strains  either  In  the  presence  or  absence  of 
microsomal  enzymes  prepared  from  Aroclor-lnduced  rat  liver. 

XABU  3-2 .  INDIVIDUAL  PLATE  COUNTS  PROM  AMES  TEST  OP  PPDA 


DoM/Plata 

1 

TA9a 

2 

3 

Revartants  per  Plate 

TA100  TA1535 

12  3  12  3 

1 

TA1537 

2  3 

1 

TA1538 

2  3 

tackground 

Latei* 

HICBOSCMES:  Rat  Liver 

VEHICLE  CONTROL 

23 

32 

20 

92 

93 

119 

15 

9 

13 

9 

4 

7 

20 

13 

23 

1 

TEST  ARTICLE  333  pg 

23 

29 

22 

102 

101 

126 

14 

2 

9 

6 

11 

8 

15 

12 

16 

1 

667  pg 

23 

20 

12 

108 

125 

86 

11 

8 

13 

8 

6 

2 

12 

15 

9 

1 

1000  pg 

20 

18 

19 

85 

92 

101 

14 

14 

12 

14 

6 

5 

19 

15 

16 

1 

3330  pg 

23 

19 

16 

1U 

84 

70 

10 

7 

8 

5 

10 

7 

10 

9 

17 

1 

6670  pg 

11 

17 

18 

68 

98 

95 

10 

11 

15 

4 

2 

5 

13 

9 

14 

2* 

10000  pg 

20 

15 

19 

96 

83 

M 

7 

7 

0 

8 

5 

7 

10 

5 

9 

2* 

POSITIVE  CONTROL  *• 

1066 

980 

972 

958 

894 

885 

138 

102 

117 

169 

159 

1)1 

1133 

1168 

1112 

1 

rflCROSOPfCS: 

VEHICLE  CONTROL 

16 

13 

14 

71 

93 

78 

15 

13 

18 

4 

6 

2 

13 

13 

15 

1 

TEST  ARTICLE  33.3  pg 

9 

13 

10 

C 

104 

88 

13 

10 

11 

8 

3 

5 

10 

9 

ir 

1 

10O  pg 

17 

12 

16 

81 

73 

75 

14 

15 

16 

5 

1 

4 

16 

19 

10 

1 

333  pg 

12 

13 

12 

61 

73 

73 

14 

12 

8 

3 

6 

6 

14 

12 

11 

1 

1000  pg 

9 

9 

10 

57 

70 

67 

10 

11 

16 

4 

5 

6 

7 

13 

11 

2 

3330  pg 

11 

u 

16 

58 

78 

77 

18 

13 

12 

1 

1 

i 

9 

13 

9 

2 

10000  pg 

12 

8 

64 

67 

75 

7 

10 

8 

0 

6 

5 

11 

11 

7 

2 

POSITIVe  COUTROt  *** 

234 

291 

304 

719 

736 

815 

691 

680 

703 

1744 

1814 

1875 

U9 

416 

482 

1 

Bsctartsl  background  (awn  uas  ev8(uat«d  a*  normal  (1)  for  taatar  ttraint  T/1100  and  TA1$35 
at  thla  doaa  level. 


*  Background  Lawn  Evaluation  Codes: 


1  V  normal 

*  »  extremely  reduced 
sp  •  slight  precipitate 


2  a  slightly  reduced 
S  a  absent 

mp  a  moderate  precipitate 
(requires  hand  count) 


3  a  moderately  reduced 
6  a  obscured  by  precipitate 
hp  a  heavy  precipitate 

(requires  hand  count) 


*•  TA98 

2-amiooanthracen«  2.5  ng/pi»t9 

TA98 

Z-nftPof tyoraoa 

1.0 

pg/plate 

TA100 

2’am{no«nthracen«  2.5  M9/piate 

TA100 

aodfum  axida 

2.0 

pg/plate 

TA1535 

Z'am'Inoanthracena  2.5  iig/plata 

TA1535 

•odlua  axida 

2.0 

pg/plate 

TA1537 

2'aminoanthr8cen«  2.5  ng/p[ate 

TA1537 

ICR*  191 

2.0 

pg/plate 

TA1538 

2*8m{rioanthrMcen«  2.5  ^g/ptata 

tA1538 

2*nltrof looptna 

1.0 

pg/plate 

C  a  No  couit  due  to  contamination. 
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XABLS  3-3.  SUHMART  OP  T8ST  MStlLTS  FOR  AlCtS  TEST  OP  PPBA 


Dote/Plat* 

TA98 

Nean  SO 

Naan  Ravartanta 

TA100 

Nean  SO 

pur  Plata  with 

TA1535 

Naan  SO 

Standard  Ceviations 

TA1537 

Naan  SO 

TA1538 

Naan  SO 

Background 

Laun* 

MICROSCMES:  Rat  Liver 

VEHICLE  CONTROL 

23 

6 

101 

IS 

12 

3 

7 

3 

19 

5 

1 

TEST  MTICLE 

333  n 

25 

4 

110 

U 

8 

6 

8 

3 

14 

2 

1 

M  AS 

18 

6 

106 

20 

11 

3 

5 

3 

12 

3 

1 

1000  pg 

19 

1 

93 

8 

13 

1 

8 

5 

17 

2 

1 

3330  pg 

19 

4 

89 

22 

8 

2 

7 

3 

12 

4 

1 

6670  pg 

15 

4 

87 

17 

12 

3 

4 

2 

12 

3 

2* 

10000  pg 

18 

3 

81 

16 

5 

4 

7 

2 

8 

3 

2* 

POSITIVE  CONTROL  •• 

1013 

6A 

912 

40 

119 

18 

166 

6 

1138 

28 

1 

MIOtOSOMES:  Horw 

VEHICLE  CONTROL 

U 

2 

81 

11 

15 

3 

4 

2 

14 

1 

1 

TEST  ARTICLE 

33.3  pg 

11 

2 

96 

11 

11 

2 

5 

3 

12 

4 

1 

100  pg 

15 

3 

76 

6 

15 

1 

3 

2 

IS 

5 

1 

333  pg 

12 

1 

69 

7 

11 

3 

5 

2 

12 

2 

1 

1000  pg 

9 

1 

65 

7 

12 

3 

5 

1 

10 

3 

2 

3330  pg 

U 

3 

71 

11 

U 

3 

2 

2 

10 

2 

2 

10000  pg 

9 

3 

69 

6 

8 

2 

4 

3 

10 

2 

2 

POSITIVE  CONTROL  ••• 

276 

37 

757 

51 

691 

12 

1818 

56 

U9 

33 

1 

*  itettrftl  tMCkground  Iswn  was  evaluated  at  normal  (1)  for  tetter  ttrtint  TtlOO  and  TA153} 
at  thfa  dota  levol. 


*  Background  Laun  Evaluation  Codet; 


1  •  normal 

i  a  extremely  reduced 
tp  •  tllgPt  precipitate 


2  •  tlightly  reduced 
S  •  abaent 

mp  •  moderate  precipitate 
(requiret  hand  cocnt) 


3  •  moderately  reduced 
6  •  obtcurad  by  prtcipittra 
hp  •  heavy  precipitate 
(require*  hand  cocnt) 


TA98 

2-aaiinoanthracena  2.5  pg/plata 

TA98 

2-nitrofluoren* 

1.0 

pg/pitt* 

TA100 

2-aminoanthrtcene  2.5  pg/plata 

TA100 

todiua  azide 

2.0 

pg/plat* 

TA1535 

2-afflinoanthrtcena  2.5  pg/plate 

TA1535 

tedlua  azida 

2.0 

pg/plat* 

TA1537 

2-amlnoanthrtcena  2.5  ag/plata 

TA1537 

ICR-191 

2.0 

pg/plat* 

TA1538 

2-affllnoanthracene  2.5  pg/plat* 

TA1538 

2-nitrofluoren* 

1.0 

pg/plat* 
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APPEHDIZ  3-A 


BACTERIAL  BACKGROUND  LAWN  EVALUATION  CODE 


The  condition  ot  the  background  bacterial  lawn  is  evaluated  both 
macroscopically  and  microscopically  (using  a  dissecting  microscope)  for 
indications  of  cytotoxicity  and  test  article  precipitate  as  follows: 


CODE  DEFINITION 


CHARACTERISTICS  OP  BACKGROUND  LAWN 


1  Normal 


A  healthy  microcolony  lawn. 


2  Slightly 
Reduced 


A  noticeable  thinning  of  the  microcolony  lawn  and  an 
increase  in  the  size  of  the  microcolonies  compared  to 
the  vehicle  control  plate. 


3  Moderately 
Reduced 


4  Extremely 
Reduced 


5  Absent 


A  marked  thinning  of  the  microcolony  lawn  and  an 
increase  in  the  size  of  the  microcolonies  compared  to 
the  vehicle  control  plate. 

An  extreme  thinning  of  the  microcolony  lawn  and  an 
increase  in  the  size  of  the  microcolonies  compared  to 
the  vehicle  control  plate. 

A  complete  lack  of  any  microcolony  lawn. 


6  Obscured  by 
Precipitate 


The  background  bacterial  lawn  cannot  be 
accurately  evaluated  due  to  microsjopic  and/or 
macroscopic  test  article  precipitate. 


Evidence  of  macroscopic  test  article  precipitate  on  the  plates  is  recorded 
by  addition  of  the  following  precipitate  code  to  the  code  number  used  to 
evaluate  the  condition  of  the  background  bacterial  lawn. 


‘■■(i 


SP  Slight 

Precipitate 


Noticeable  macroscopic  precipitate  on  the  plate, 
however,  the  precipitate  does  not  influence  automated 
counting  of  the  plate. 


HP  Moderate 
Precipitate 


HP  Heavy 

Precipitate 


The  amount  of  macroscopic  precipitate  on  the  plate 
would  interfere  with  automated  counting,  thus,  requiring 
the  plate  to  be  hand  counted. 

The  large  amount  of  macroscopic  precipitate  on  the 
plate  makes  the  required  hand  counting  difficult. 


Ex2unple:  4-MP  would  indicate  a  plate  observed  to  have  an  extremely  reduced 
background  lawn  which  had  to  be  counted  manually  due  to  the  marked  amount  of 
macroscopic  test  article  precipitate. 


APPENOZZ  3-B 


CRITERIA  FOR  THE  DbTERNINATION  OF  A  VALID  TEST 

The  following  criteria  must  be  met  for  the  assay  to  be  considered  valid: 

rfa  Vail  Mutation:  In  order  to  demonstrate  the  presence  of  the  deep  rough 
mutation,  all  tester  strain  cultures  must  exhibit  sensitivity  to  crystal 
violet. 

pKMlOl  Plasmid  R-Factor:  In  order  to  demonstrate  the  presence  of  the 
pKMlOl  Plasmid  R-factor,  all  tester  strains  rust  exhibit  resistance  to 
ampicillin. 

Characteristic  Number  of  Spontaneous  Revertants:  All  tester  strain 
cultures  must  exhibit  a  characteristic  number  of  spontaneous  revertants  per 
plate  in  the  vehicle  controls.  The  acceptable  ranges  are  as  follows: 


TA98 

8  - 

60 

TAIOO 

60  - 

240 

TA1535 

4  - 

45 

TA1537 

2  - 

25 

TA1538 

3  - 

35 

Tester  Strain  Culture  Density:  In  order  to  ensure  that  appropriate 
numbers  of  bacteria  are  plated,  tester  strain  culture  density  must  be  greater 
than  or  equal  to  S.O  x  10®  bacteria  per  mL  and/or  have  reached  a  target  level 
of  turbidity  demonstrated  to  produce  cultures  with  a  density  greater  than  or 
equal  to  5.0  x  10®. 

Positive  Control  Values:  All  positive  controls  must  exhibit  at  least  a 
3-fold  increase  in  the  number  of  revertants  per  plate  over  the  mean  value  for 
the  vehicle  control  for  the  respective  strain. 

Cytotoxicity:  A  minimum  at  three  non-toxic  doses  are  required  to  evaluate 
assay  data. 

Evaluation  of  Test  Results 

Tester  Strains  TA9B  and  TAIOO:  For  a  test  article  to  be  considered 
positive,  it  must  cause  at  least  a  2-fold  increase  in  the  mean  revertants  per 
plate  of  at  least  one  tester  strain  over  the  mean  vehicle  control  value  for 
that  tester  strain.  This  increase  in  the  mean  number  of  revertants  per  plate 
must  be  accompanied  by  a  dose  response  to  increasing  concentrations  of  the 
teat  article. 

Tester  Strains  TA1535,  TA1537 ,  and  TA1538:  For  a  test  article  to  be 
considered  positive,  It  must  cause  at  least  a  3-fold  increase  in  the  mean 
revertants  per  plate  of  at  least  one  tester  sticin  over  the  mean  vehicle 
control  value  for  that  tester  strain.  This  increase  in  the  mean  nuinber  of 
revertants  per  plate  must  be  accompanied  by  a  dose  response  to  increasing 
concentrations  of  the  teat  article. 


SECTXON  4 


NUTAOEMICITY  TEST  ON  PFDA  IN  THE  CHO/HOPRT  FORWARD  NUTATION  ASSAY 

R.R.  Youag 


ABSTRACT 

The  objective  of  this  assay  was  to  evaluate  the  ability  of  PFDA  to 
induce  forward  mutations  at  the  HGPRT  locus  in  CHO  cells  under  conditions  with 
and  without  metabolic  activation  by  S9  microsomal  enzymes. 

PFDA  was  soluble  in  DMSO  at  a  concentration  of  100.0  mg/ml  and  was  used 
to  prepare  primary  lOOX  stocks  for  use  in  the  assay  procedures.  Treatment 
media  were  prepared  by  making  1:100  dilutions  of  the  primary  stocks  into  F12 
tissue  culture  medium.  Glass  pipets,  tubes,  and  culture  vessels  were  used  for 
teat  article  preparation  and  treatment  due  to  potential  reactivity  of  the  test 
article  with  plastic.  Preliminary  cytotoxicity  testing  showed  the  teat 
material  to  be  toxic  to  CHO  cells  both  with  and  without  S9  metabolic 
activation  with  total,  or  near  total,  cell  killing  occurring  at  a 
concentration  of  0.25  mg/mL  in  the  absence  of  metabolic  activation  and  at 
0.5  rog/mL  with  S9  metabolic  activation. 

Mutation  assays  were  performed  both  with  and  without  S9  metabolic 
activation.  Eight  teat  article  concentrations  ranging  from  0.01  to  0.3  mg/mL 
were  tested  in  the  absence  of  S9  enzymes.  Eight  test  article  concentrations 
ranging  from  0.005  to  0.5  mg/mL  were  also  tested  in  the  presence  of  S9 
activation  The  teat  article  produced  toxicity  in  both  mutation  assays.  The 
mutant  frequency  of  treated  cultures  varied  within  the  range  acceptable  for 
background  mutant  frequencies  (0  to  16.8  x  10“^).  Two  cultures  from  those 
tested  without  S9  enzymes  and  one  culture  from  those  exposed  to  S9  enzymes  had 
a  mutant  frequency  that  was  statistically  elevated  over  the  mutant  frequencies 
of  the  concurrent  vehicle  control  cultures.  These  elevated  mutant  frequencies 
were  within  the  range  considered  acceptable  for  background  mutant  frequencies 
and  were  consistent  with  normal  assay  variation. 

Because  the  culture  with  a  mutant  frequency  that  was  significantly 
elevated  was  the  highest  dosed  culture  that  survived,  and  because  the  mutant 
frequency  was  at  the  high  end  of  the  normal  background  range,  a  repeat 
activation  mutation  assay  was  performed.  The  second  activation  mutation  assay 
employed  six  doses  ranging  from  0.01  to  0.2  mg/mL.  While  the  mutant  frequency 
of  treated  cultures  was  within  the  normal  background  range,  two  cultures  had  a 
significantly  elevated  mutant  frequency.  The  results  did  not  show  a 
dose-related  increase  in  mutant  frequency  and  were  consistent  with  normal 
assay  variation.  Therefore,  PFDA  was  considered  negative  for  inducing  forward 
mutations  at  the  HGPRT  locus  in  CHO  cells  under  the  S9  metabolic  activation 
and  nonactivation  conditions  of  testing. 


INTRODUCTION 

HGPRT  is  a  cellular  enzyme  that  permits  cells  to  salvage  hypoxanthine 
and  guanine  for  use  in  DNA  synthesis.  The  HGPRT  enr/ne  utilizes  the 
substrates  5-pho8phoribosyl-l-pyropho8phate,  hypoxanthine,  or  guanine  to 
catalyze  the  formation  of  inosine  or  guanosine  monophosphate.  If  a  purine 
analog  such  as  6-thioguanine  (TG)  is  included  in  the  growth  medium,  the  analog 
will  be  phosphorylated  via  the  HGPRT  pathway  and  incorporated  into  nucleic 
acids,  eventually  resulting  in  cellular  death.  The  HGPRT  locus  is  located  on 
the  X  chromosome  and  because  only  one  of  the  two  X  chromosomes  is  functional 
in  the  CHO  cells,  a  single-step  forward  mutation  from  HGPRT+  to  HGPRT-  in  the 
functional  X  chromosome  renders  the  cell  unable  to  utilize  hypoxanthine, 
guanine,  or  TC  supplied  in  the  culture  medium.  These  mutants  are  as  viable  as 
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wild-type  cells  in  normal  medium  because  DNA  synthesis  may  still  proceed  by  de 
novo  synthetic  pathways  that  do  not  involve  hypoxanthine  or  guanine  as 
intermediates.  The  basis  for  the  selection  of  HGPRT-  mutants  is  the  loss  of 
their  ability  to  utilize  toxic  purine  analogs  (e.g.,  TG),  that  enables  only 
the  HGPRT-  mutants  to  grow  in  the  presence  of  TG,  Cells  that  grow  to  form 
colonies  in  the  presence  of  TG  are  assumed  to  have  mutated,  either 
spontaneously  or  by  the  action  of  the  test  article,  to  the  HGPRT-  genotype. 

MATERIALS  AND  METHODS 

Test  Material 

PFOA  was  identified  as  Lot  No.  1105ML  and  was  obtained  from  the  U.S.  Air 
Force.  The  white  crystals  was  stored  at  room  temperature  in  the  dark. 

Media 

The  cells  used  during  experimental  studies  were  maintained  in  Ham's 
Nutrient  Mixture  F12  supplemented  with  L-glutamine,  antibiotics,  and  fetal 
bovine  serum  (FBS,  8%  v/v),  hereafter  referred  to  as  culture  medium. 

Cleansing  medium  used  for  reducing  the  spontaneous  frequency  of  HGPRT-  mutants 
prior  to  experimental  studies  consisted  of  culture  medium  supplemented  with 
5.0  X  10~®  M  thymidine,  1.0  x  10~®  M  hypoxanthine,  1.0  x  10*’  M  glycine, 

3.2  X  10“*  M  of  either  aminopterin  or  methotrexate,  and  the  concentration  of 
FBS  was  reduced  to  5%  by  volume.  Recovery  medium  was  similar  to  cleansing 
medium  except  that  the  aminopterin  or  methotrexate  component  was  removed  and 
the  FBS  was  increased  to  8%  by  volume.  Selection  medium  for  mutants  was 
hypoxanthine-free  F12  medium  containing  4  ^tg/mL  (24  mM)  of  TG  and  the  FBS 
component  reduced  to  5%  by  volume. 

Indicator  Cells 

The  indicator  cells  used  for  this  study  were  CHO  cells  originally 
derived  from  the  ovary  of  a  female  Chinese  namster  (Kao  and  Puck,  1968). 
Characteristics  of  the  cell  line  are  high  clonability  (approximately  85%)  and 
rapid  doubling  time  (11-14  h).  The  particular  subclone  used  in  this  assay  was 
CHO-Kl-BK^  that  has  been  demonstrated  to  be  sensitive  to  many  chemical 
mutagens.  Master  stocks  of  the  cells  were  maintained  frozen  in  liquid 
nitrogen. 

Laboratory  cultures  were  maintained  as  monolayers  at  37  ±  1.5*C  in  a 
humidified  atmosphere  containing  5  ±  1.5%  COj  and  were  periodically  checked 
for  karyotype  stability  and  for  the  absence  of  Mycoplasma  contamination.  To 
reduce  the  negative  control  frequency  (spontaneous  frequency)  of  HGPRT- 
mutants  to  the  minimum  possible,  the  cell  cultures  were  exposed  to  conditions 
that  selected  against  the  HGPRT-  phenotype.  Cellr  were  maintained  in 
cleansing  medium  for  two  to  three  days,  placed  in  recovery  medium  for  one  day, 
and  then  returned  to  culture  medium.  Cleansed  cultures  were  used  to  initiate 
mutation  assays  from  three  to  seven  days  after  having  been  removed  from 
cleansing  medium. 
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Control  Articles 

A  single  negative  (media)  control  culture  was  prepared  for  each  portion 
of  the  rangefinding  cytotoxicity  assay  by  carrying  cells  unexposed  to  the  test 
article  through  all  of  the  assay  operations.  Negative  controls  were  not 
prepared  for  the  mutagenicity  assays. 

Vehicle  controls  were  prepared  for  each  portion  of  the  assay  by  exposing 
cells  to  1%  DMSO  in  culture  medium  for  4  h.  Single  vehicle  control  cultures 
were  used  in  the  rangefinding  cytotoxicity  assay  and  duplicate  vehicle 
controls  were  used  in  the  mutagenicity  assay. 

5-Bromo-2 '-deoxyuridine  (BrdU)  is  highly  and  reproducibly  mutagenic  to 
CHO-Kl-3H^  cells  without  S9  metabolic  activation.  BrdU  (Sigma  Chemical  Co.) 
was  used  at  a  concentration  of  50  pig/mL  of  culture  medium  as  a  positive 
control  article  for  mutagenicity  assays  conducted  without  S9  metabolic 
activation.  3-Methylcholanthrene  (MCA,  Sigma  Chemical  Co.)  requires  metabolic 
activation  by  microsomal  enzymes  to  become  mutagenic  to  CHO-K.l-BH^  cells  and 
was  used  at  a  concentration  5  ;ig/mL  of  culture  medium  as  a  positive  control 
article  for  mutagenicity  assays  performed  with  S9  activation. 

39  Metabolic  Activation  Systae 

The  metabolic  activation  system  was  composed  of  rat  liver  enzymes  and  an 
energy  producing  reaction  mixture  prepared  in  a  phosphate  buffer  (pH  7.8). 

The  enzymes  were  contained  in  a  9000  x  g  supernatant  (S9  fraction)  from  liver 
homogenate  prepared  from  Sprague-Dawley  rata  treated  with  500  mg/kg  of 
Aroclor  1254  five  days  prior  to  sacrifice  and  purchased  from  Molecular 
Toxicology,  Inc.  The  S9  fraction  and  reaction  mixtures  were  retained  frozen 
at  about  -80®C  until  used.  These  components  were  thawed  immediately  before 
use  and  combined  to  form  the  metabolic  activation  system  described  below. 

Activation  Systea  Conponant  Final  Concentration  in  Cultures 


NAOP  (sodium  salt) 
Glucose- 6-phosphate 
Calcium  chloride 
Potassium  chloride 
Magnesium  chloride 
Phosphate 
S9  homogenate 


1.0  mH 
5.0  mM 
2.0  mM 
6. 6  mM 
2.0  mM 
2.0  mM 

15.0  -  20.0  ^L/mL 


The  amount  of  S9  homogenate  per  culture  was  dependent  upon  the  lot  of  S9 
in  use  at  any  time.  Before  use  each  lot  of  S9  homogenate  was  tested  in 
culture  at  various  concentrations  using  chemicals  such  as  benzo(a)pyrene  or 
MCA.  The  optimum  S9  concentration  was  selected  based  on  induction  of  HGPRT- 
mutants  in  CHO  cells  exposed  to  these  chemicals  in  culture,  and  this  amount  of 
S9  was  used  in  all  subsequent  assays  with  that  particular  lot  of  S9. 


Dosing  Procedure 

PFDA  was  dissolved  in  DMSO  at  a  concentration  of  100  mg/mL  which  was  100 
times  the  highest  desired  treatment  concentration.  Primary  lOOX  test  material 
stock  solutions  at  lower  conce.itrations  were  prepared  by  serial  dilution  with 
DMSO.  Pinal  IX  dosing  solutions  were  prepared  by  making  lilOO  dilutions  of 
the  primary  stocks  into  culture  medium  containing  8%  PBS  for  nonactivation 
studies  and  5%  PBS  for  activation  studies.  The  volume  of  culture  medium 
diluent  in  the  activation  studies  was  reduced  to  compensate  for  the  volume  of 
S9  reaction  mixture  used. 
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Preparations  of  teat  material  in  the  vehicle  were  made  fresh  each  day. 
Treatments  were  initiated  by  replacing  the  culture  medium  on  the  cell  cultures 
with  the  treatment  medium  containing  the  test  material  at  the  desired 
concentrations. 

Rangefinding  Cytotoxicity  Testing 

A  wide  range  of  test  article  concentrations  was  tested  for  cytotoxicity 
both  with  and  without  S9  metabolic  activation.  Ten  concentrations  that  ranged 
from  0.00195  to  1.0  mg/mL  were  used.  In  addition,  one  negative  (media) 
control  and  one  vehicle  control  containing  1%  DMSO  were  used  in  each 
cytotoxicity  assay. 

The  cells  were  quantitatively  seeded  at  200  cells  per  glass  flask, 
allowed  to  attach  overnight  (16  to  18  h),  and  exposed  to  the  test  or  control 
article  for  4  h  at  37  ±  l.S®C  in  a  humidified  atmosphere  containing  5%  COj. 

The  cells  were  then  washed  twice  with  Oulbecco’s  phosphate  buffered  saline 
(PBS)  and  incubated  in  P12  culture  medium  for  six  additional  days  to  permit 
time  for  colony  development.  Colonies  were  then  fixed  in  alcohol,  stained 
with  Giemsa,  and  counted  by  eye,  excluding  those  colonies  with  approximately 
50  cells  or  less.  Cytotoxicity  was  expressed  as  a  percentage  of  colony  counts 
in  treated  cultures  versus  control  cultures.  The  preliminary  cytotoxicity 
information  was  used  to  select  doses  for  the  mutation  assay. 

Honactivation  Mutagenicity  Assay 

This  procedure  was  based  on  that  reported  by  Hsie  et  al.  (1975), 
reviewed  by  Hsie  et  al.  (1981),  with  modifications  suggested  by  Myhr  and 
OiPaolo  (1978).  The  cleansed  cells  were  plated  at  approximately 
2.4  x  10®  cells  per  75  cm^  glass  flask  on  the  day  before  dosing.  The  time 
between  plating  and  treatment  was  about  18  h.  At  that  time  call  cultures  were 
treated  with  test  or  control  material  for  4  h  at  37  ±  l.S’C  in  a  humidified 
atmosphere  with  5%  CO2.  After  treatment,  the  cell  monolayers  were  washed 
twice  with  PBS,  trypsinized,  and  suspended  in  culture  medium.  The  cell 
suspension  from  cultures  exposed  to  each  dose  was  counted  using  a  Coulter 
Counter  and  replated  at  1.5  x  10^  cells  into  each  of  two  150-mm  dishes  and  at 
200  cells  into  each  of  three  60-mm  dishes.  The  small  dishes  were  incubated 
for  seven  days  to  permit  colony  development  and  the  determination  of  the 
cytotoxicity  associated  with  each  treatment.  The  larger  dishes  were  incubated 
for  seven  days  (the  expression  period)  to  permit  growth  and  expression  of 
induced  mutations.  The  mass  cultures  were  subcultured  every  two  or  three  days 
during  the  expression  period  to  maintain  logarithmic  cell  growth.  At  each 
subculture  the  cells  from  the  two  150-mm  dishes  from  each  dose  level  were 
combined  and  reseeded  at  about  1.5  x  10^  cells  into  each  of  two  150-mm  dishes. 

At  the  end  of  the  expression  period,  each  culture  was  reseeded  at 
2  X  10^  cells  per  100-mm  dish  (12  dishes  total)  in  mutant  selection  medium. 
Three  60-mm  dishes  were  seeded  at  200  cells  each  in  culture  medium  to 
determine  the  cloning  officiency  (CE)  of  each  culture.  After  incubation  for 
seven  to  ten  days  at  37  ±  1.5*C  in  a  humidified  atmosphere  with  5%  CO2,  the 
colonies  were  fixed  with  alcohol,  stained  with  Giemsa,  and  counted  to 
determine  the  number  of  TG-resistant  colonies  in  mutant  selection  dishes  and 
the  number  of  colonies  in  the  CE  dishes.  The  colonies  were  counted  by  eye, 
excluding  those  with  approximately  50  cells  or  less. 
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Activation  Mutagenicity  Assay 

The  activation  assay  was  performed  independently  with  its  own  set  of 
vehicle  and  positive  controls.  The  procedure  was  identical  to  the 
nonactivation  assay  except  for  the  addition  of  the  S9  fraction  of  rat  liver 
homogenate  and  necessary  cofactors  during  the  4-h  treatment  period.  The  FBS 
content  of  the  medium  used  for  dosing  was  reduced  to  5%  by  volume. 

Data  Presentation 

The  raw  data  were  used  to  calculate  several  assay  parameters.  The 
chosen  combination  of  raw  data  and  calculated  data  affords  a  complete 
description  of  events  for  each  treatment  condition.  The  significance  of  each 
calculated  parameter  and  its  method  of  calculation  are  listed  below. 

Relative  Survival  to  Treatment:  This  parameter  gives  the  clonal 
cytotoxicity  of  each  treatment  by  showing  what  percentage  of  the  cells  were 
able  to  form  colonies  after  the  treatment  period  in  both  the  rangefinding 
cytotoxicity  assay  and  the  mutagenicity  assay  relative  to  the  concurrent 
vehicle  controls.  The  average  number  of  colonies  in  three  dishes  (seeded  at 
200  cells  each)  was  determined  for  each  treatment  condition. 

Avarags  no.  of  colonies  per  treated  culture 

Relative  Survival  <X)  •  - - -  X  ^OOX 

Average  no.  of  colonies  per  vehicle  control  dish 

Relative  Population  Growth:  This  pareuneter  shows  the  cumulative  gro\/th 
of  the  treated  cell  population,  relative  to  the  vehicle  control  growth,  over 
the  entire  expression  period  and  prior  to  mutant  selection.  In  general, 
highly  toxic  treatments  will  reduce  the  growth  rate  as  well  as  the  survival. 

Values  less  than  100%  indicate  growth  inhibition.  For  example,  50%  and 
25%  relative  growth  values  would  indicate  treated  cell  populations  that  were 
one  and  two  population  doublings  behind  the  vehicle  control  cultures.  Treated 
populations  that  are  more  than  2  or  3  doublings  behind  the  control  might  not 
achieve  maximum  expression  of  the  TG-resistant  phenotype.  The  relative 
population  growth  is  calculated  from  cell  count  data  not  presented  in  this 
report  and  is  intended  to  provide  only  an  approximate  indication  of  growth 
during  the  expression  period,  since  cells  are  easily  lost  or  not  completely 
released  by  trypsin  during  the  subculture  procedures. 

Trcitcd  culture  population  increase  over  the  expression  period 
Relative  Population  Growth  »  ■  —  —  ■  . .  ■  -  . . -  —  —  ■  ■  "  x  100X 

Vehicle  control  population  increase  over  the  expression  period 

Absolute  Cloning  Efficiency:  The  ability  of  the  cells  to  form  colonies 
at  the  time  of  mutant  selection  is  measured  by  the  absolute  CE.  This 
parameter  is  used  as  the  best  estimate  of  the  CE  of  the  mutant  cells  in  the 
selection  dishes.  Thus,  the  observed  number  of  mutant  colonies  can  be 
converted  to  the  frequency  cf  mutant  c  lie  in  the  treated  population. 

Avaraga  no.  of  viabla  colonias  par  dish 

Absoluta  Cl  <X)  »  -  X  100X 

200 
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Mutant  Frequencyi  The  mutant  frequency  ia  the  endpoint  of  the  assay. 

It  Is  calculated  as  the  ratio  of  colonies  found  in  thioguanine  selection 
medixim  to  the  total  number  of  cells  seeded,  adjusted  by  the  absolute  CE.  The 
frequency  ia  expressed  in  units  of  10~^,  e.q.,  the  number  of  mutants  per  one 
million  cells. 


Mutant  Frequency  (X)  * 


Total  Mutant  clones 


no.  of  dishes  x  2  x  10 


S 


X  absolute  CE 


X 


100X 


]tESUI.IS  AND  DISCUSSION 
Test  Article  Handling 

Solubility  testing  of  PFDA  with  DMSO  revealed  that  good  solubility  was 
maintained  at  a  concentration  of  100  mg/mL.  Dilutions  were  made  with  DMSO  to 
prepare  a  series  of  lOOX  primary  stocks  at  lowt.'r  concentrations.  Glass  pipets 
and  tubes  were  used  to  prepare  primary  test  article  stock  solutions  in  DMSO. 

Treatment  media  were  prepared  by  making  1:100  dilr.tinns  of  the  test 
material  stocks  into  F12  culture  medium  that  contained  8%  FBS  for  the 
nonactivation  studies  and  5%  FBS  for  the  S9  metabolic  activation  studies. 

Fresh  primary  teat  material  stocks  were  prepared  for  each  experiment.  The 
cells  were  treated  by  replacing  the  media  on  the  cultures  with  treatment  media 
containing  the  different  concentrations  of  test  or  control  media. 

The  teat  article  remained  in  solution  in  culture  medium  at 
concentrations  ranging  from  0.00195  tc  1.0  mg/mL.  Based  upon  the  color  of  the 
culture  medium  pH  indicator,  the  teat  article  did  not  appear  to  alter  the  pH 
of  the  treatment  medium  at  any  concentration. 

Rangefindlng  Cytotoxicity  Assay 

PFDA  was  tested  in  the  preliminary  rangefinding  cytotoxicity  assay  with 
and  without  S9  metabolic  activation.  Ten  test  article  concentrations  were 
used  in  each  case  ranging  from  0.00195  to  1.0  mg/mL. 

The  rangefinding  cytotoxicity  assay  revealed  that  PFDA  was  toxic  to  CHO 
cells  in  cultures  both  with  and  without  S9  metabolic  activation  (Tables  4-1 
and  4-2).  The  test  article  was  nontoxic  up  to  a  concentration  of  0.125  mg/mL 
without  activation  followed  by  total,  or  near-total,  cell  killing  at 
concentrations  of  0.25  mg/mL  and  higher.  With  the  addition  of  S9  enzymes, 
increasing  toxicity  was  observed  at  a  concentration  of  0.0625  mg/mL  and  high*  ' 
with  complete  cell  killing  occurring  at  a  concentration  of  0.5  mg/mL  and 
above.  Results  of  the  cytotoxicity  assays  were  used  to  select  test  article 
concentrations  for  use  in  the  mutagenicity  assay. 

Mutagenicity  Assay  Without  Metabolic  Activation 

Eight  test  article  concentrations  were  used  ranging  from  0.01  to 
0.3  mg/mL.  The  test  article  was  toxic  to  CHO  cells  at  a  concentration  of 
0.2  mg/mL  and  higher  as  measured  by  relative  clonal  survival  (Table  4-3). 

Four  cultures  exposed  to  the  test  article  survived  treatment  and  were 
available  for  analysis.  In  the  absence  of  S9  activation,  the  mutant  frequency 
of  cultures  treated  with  the  test  material  varied  randomly  with  dose  within 
the  range  considered  acceptable  for  vehicle  control  mutant  frequency  variation 
(0  to  16.8  X  10”^.  Two  of  the  four  surviving  cultures  had  a  mutant  frequency 
that  was  significantly  elevated  over  the  mutant  frequencies  of  the  vehicle 
control  cultures,  but  the  frequency  of  each  culture  was  within  the  range 
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ZKBLI  4-1.  CLOMAX.  CrTOTOZICm  ASSAY  OP  PFDA 
miHOOT  METABOLIC  ACIZVAIZON 


SHKplO 

Applied 

Concentration 

mg/itL 

Nuiter 

Coloniee/Dish 

Relative 

Survival* 

(X) 

Cloning 

Efficiency 

<X) 

196 

98.5 

VC,  IX* 

199 

100.0 

99.5 

PFDA 

0.00195 

199 

100.0 

PFDA 

0.00391 

183 

92.0 

PFDA 

0.00781 

169 

84.9 

PFDA 

0.0154 

202 

101.5 

PFDA 

0.0313 

211 

106.0 

PFDA 

0.0625 

195 

98.0 

PFDA 

0.125 

176 

88.4 

PFDA 

0.25 

4 

2.0 

PFDA 

0.5 

0 

0.0 

PFDA 

1.0 

0 

0.0 

*  Rttlativff 
K 

to  1X  VC  for  all  treatments. 

NC  a  N«g«tiv«  Control,  f12 
®  VC  a  Vehfcl*  Control  IX  OMSO. 


TABLE  4-3 

.  CLOHAL  CYTOTOZZCZTY  ASSAY  OP  PPOA 

WZT'J  METABOLZe  ACTZVATZON 

Saieple 

Applied 

Concentration 

mg/mL 

Nunber 

Colonies/Dish 

Relative 

Survival* 

<X) 

Cloning 

Efficiency 

(X) 

MC* 

169 

93.4 

VC,  ix' 

181 

100.0 

90.5 

PFDA 

0.00195 

149 

82.3 

PFDA 

0.00391 

176 

97.2 

PFDA 

0.00781 

148 

81.8 

PFDA 

0.0156 

120 

66.3 

PFDA 

0.0313 

155 

85.6 

PFDA 

0.0625 

107 

59.1 

PFDA 

0.125 

100 

55.2 

PFDA 

0.25 

33 

18.2 

PFDA 

0.5 

0 

0.0 

PFDA 

1.0 

0 

0.0 

•  Relat 

'’NCa 

*  WC  a 

ive  to  1X  VC  for  all  treatments. 
Negative  Control,  F12  Nedius. 
Vehicle  Control  IX  DMSO. 
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considered  acceptable  for  background  mutant  frequencies  and  was  consistent 
with  normal  assay  variation.  Therefore,  PFDA  was  evaluated  as  negative  for 
inducing  forward  mut.itions  at  the  HGPRT  locus  in  CHO  cells  in  the  absence  of 
S9  metabolic  activation  under  the  conditions  of  testing. 

The  positive  control  treatments  with  50  ^g/mX.  BrdU  induced  a  large, 
significant  (p  S  0.01)  increase  i.n  mutant  frequency.  The  mutant  frequencies 
of  the  two  vehicle  controls  were  acceptable.  Historical  control  mutant 
frequency  data  are  presented  in  Appendix  4-A.  The  assay  results  achieved  all 
assay  acceptance  criteria  (Appendix  4B),  which  provided  confidence  in  the 
assumption  that  the  recorded  data  represented  a  typical  response  of  the  teat 
material  in  the  nonactivation  assay  system. 


TABLE  4-3.  MUTATION  ASSAY  OP  PPOA  WITHOUT  METABOLIC  ACTIVATION 


Nonactivation 

Tast  Condition 

Survival  To 

Trcatiaent 

(X  Vehicle 
Control) 

Relative 
Population 
Growth  (X  of 

Control) 

Total  Mutant 

Colonies 

Absolute 

CE  t  SO  (X) 

Mutant 

Free  in 
io-‘ 

Units* 

Vahicla  Control** 

98.0 

108.8 

9 

90.9  t 

7.3 

4.1 

Vehicla  Control 

102.0 

91.2 

9 

91.5  t 

1.3 

4.1 

Positive  Control^ 

69.7 

41.1 

237 

97.7  1 

5.4 

101.1*^ 

Positive  Control 

61.6 

43.7 

299 

91.7  s 

7.7 

135.9** 

PFOA  (mg/mL) 

0.01 

99.4 

89.0 

10 

88.9  t 

9.3 

4.7 

0.1 

93.6 

87.1 

21 

96.7  t 

9.1 

9.0* 

10.8^ 

0.13 

70.7 

60.2 

24 

92.4  t 

5.1 

0.16 

9.3 

3.8 

11 

82.5  s 

8.3 

5.6 

0.2 

0.0 

NS* 

• 

- 

• 

• 

0.23 

0.0 

NS 

• 

• 

• 

• 

0.26 

0.0 

NS 

• 

- 

• 

- 

0.3 

0.0 

NS 

• 

• 

• 

• 

Mutant  Frequency  ■  Total  mutant  colonies/No.  of  dUhes  x  2  x  10  x  absolute  CE. 

^  Vehicle  Control  «  1X  OMSO. 

®  Positive  Control  *  50  jig/tnl.  BrdU. 

^  Significant  Increase:  Kastenbaim-Bownen  test  p  S  0.01  and  mutant  frequency  l  15  x  10 
*  Kastenbsua  Bowman  test  p  S  0.05  but  mutant  frequency  is  within  acceptable  backgro«x:d  range  (<  15.0  x 
10'*). 

^  Kastenbaus  Bowman  test  p  5  0.01  but  mutant  frequency  is  within  acceptable  background  range  (<  15.0  x 
10’*). 

^  NS  a  Not  selected  due  to  toxicity. 


Mutagenicity  Asaay  With  Metabolic  Activation 

PPDA  was  tasted  in  the  presence  of  S9  metabolic  activation  using  eight 
test  article  concentrations  ranging  from  0.005  to  0.5  mg/mL.  The  teat  article 
was  toxic  to  CHO  cells  at  concentrations  of  0.2  mg/mL  and  higher  as  measured 
by  relative  clonal  survival  (Table  4-4).  The  four  remaining  treated  cultures 
ware  plated  for  mutant  selection  and  were  available  for  analysis.  The  mutant 
frequency  of  cultures  treated  with  the  test  material  varied  within  the 
acceptable  range  of  vehicle  control  mutant  frequency  variation  which  is  0  to 
10  X  10~®  (See  Appendix  4-A).  One  of  the  four  surviving  cultures  had  a  mutant 
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frequency  that  was  significantly  elevated  over  the  mutant  frequencies  of  the 
vehicle  control  cultures.  The  mutant  frequency  of  that  culture  was  at  the 
high  end  of  the  acceptaUsle  range  for  background  mutant  frequency  variation. 


TABLE  4-4.  MUTATION  ASSAY  or  PFDA  WITH  METABOLIC  ACTIVATION 

TRIAL  I 


Nonactivation 
Tast  Condition 

Vehicle  Control^ 
Vehicle  Control 

Positive  Control* 
Poaitive  Control 

PFDA  (mg/nl) 
0.005 
0.01 
0.05 
0.1 
0.2 
0.3 
0.4 
0.5 


Survival  To 
Treatment 
(X  Vehicle 
Control) 


Relative 
Population 
Growth  (X  of 
Control) 


Tutal  Mutant 

Colonias 

Absolute 

CE  t  SO  (X) 

10  “ 
Units* 

15 

95.4  *  5.6 

6.6 

14 

103.2  t  1.9 

5.7 

432 

100.5  a  1.8 

179.1** 

428 

104.0  a  4.8 

171.5** 

15 

93.4  a  1.5 

6.7 

8 

93.2  a  3.6 

3.6 

6 

102.4  a  4.9 

2.4 

34 

107.2  a  3.0 

14.4* 

*  Mutant  Frequency  *  Total  mutant  colonies/No.  of  dishes  x  2  x  10^  a  absolute  CE. 

**  Vehicle  Control  »  IX  OMSO. 

*  Positive  Control  •  5.0  so/ml  MCA. 

^  Significant  increase:  Kastenbaun'Bowman  test  p  S  0.01  and  mutant  frequency  t  15  x  10*^. 

*  *6 
Kastenbaun  Bowsan  test  p  i  0.01  but  mutant  frequency  is  within  acceptable  background  range  (<  15  x  10  ). 

^  NS  >  Not  selected  due  to  toxicity. 


A  second  S9  metabolic  activation  mutagenicity  assay  was  conducted  with 
doses  chosen  to  cover  the  region  of  increasing  toxicity  obtained  in  the  first 
trial.  Six  doses  ware  used  ranging  from  0.01  to  0.2  mg/mL.  In  the  second 
activation  trial  the  test  article  was  toxic  to  CHO  cells  at  concentrations  of 
0.2  mg/mL  and  higher  as  measured  by  relative  clonal  survival  (Table  4-5).  Two 
of  the  five  surviving  cultures  had  a  mutant  frequency  that  was  significantly 
elevated  over  the  mutant  frequencies  of  the  vehicle  control  cultures  but  were 
clearly  leas  than  15  x  10~®.  The  results  did  not  show  a  dose-related  increase 
in  mutant  frequency  and  were  consistent  with  normal  assay  variation. 

Therefore,  PFDA  was  evaluated  as  negative  for  inducing  forward  mutations  at 
the  HGPRT  locus  in  CHO  cells  in  the  presence  of  S9  metabolic  activation  under 
the  conditions  of  testing. 

The  positive  control  treatments  with  5  ^lg/mL  MCA  induced  large, 
significant  (p  S  0.01)  increase  in  mutant  frequency  which  demonstrated  the 
effectiveness  of  the  S9  metabolic  activation  system  and  the  ability  of  the 
test  system  to  detect  known  mutagens.  The  mutant  frequencies  of  the  vehicle 
controls  were  within  the  acceptable  range  (Appendix  4-A).  The  assay  results 
achieved  all  assay  acceptance  criteria  (Appendix  4-B)  and  provided  confidence 
in  the  assumption  that  the  recorded  data  represented  typical  responses  of  the 
test  material  in  the  assay  system. 


32 


XABLE  4-5.  HUTATION  ASSAY  OP  PFOA  WITH  HETABOLIC  ACTIVATION 

TRIAL  11 


Nonactivation 

Test  Condition 

S  -vival  To 

Treatment 

(X  Vehicle 

Control) 

Relative 
Population 
Growth  (X  of 

Control) 

Total  Mutant 

Colonies 

Absolute 

CE  t  SO  (X) 

HutaM 

Frea  in 

10'® 

Units* 

Vahicla  Control” 

101.1 

107.2 

11 

109.5  t  7.8 

4.2 

Vehicle  Control 

98.9 

92.8 

4 

100.2  s  3.6 

2.5 

Positive  Control' 

171.3 

211.6 

US 

105.5  s  15.7 

175.8^ 

PFDA  (mg/mL) 

0.01 

116.8 

92.2 

11 

104.7  s  9.8 

4.4 

O.OS 

97.5 

78.9 

13 

110.3  t  12.0 

4.9 

0.1 

79.4 

51.2 

29 

113.0  t  4.4 

10.7* 

0.13 

43.4 

33.6 

19 

107.2  1  11.1 

7.4^ 

0.14 

18.4 

9.3 

S 

84.4  t  4.9 

2.5 

0.2 

0.9 

T« 

“ 

• 

• 

*  Mutant  Frequency  >  Total  mutant  colonies/No.  of  dishes  x  2  x  10  x  abeulute  CF. 
^  Vehicle  Control  >  IX  DMSO. 


^  Positive  Control  *  S.O  iig/trL  MCA. 

^  Significant  increase;  Kastenbain- Bowman  test  p  S  0.01  and  mutant  frequency  >  IS  x  10 
*  Kastenbaim  Bowman  test  p  i  0.01  but  mutant  frequency  is  within  acceptable  background  range  (<  IS  x  10  ^}. 
^  Kastenbaum  Bowman  test  p  S  O.OS  but  mutant  frequency  is  within  acceptable  backgrotaxi  range  (<  15  x  10  ^). 
^  T  «  Terminated  due  to  excessive  toxicity. 


CONCLUSION 

The  test  material >  PFDA,  was  considered  negative  for  inducing  forward 
mutations  at  the  HGPRT  locus  in  CHO  cells  under  both  the  S9  metabolic 
activation  and  nonactivation  conditions  of  the  assay. 
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Apparazx  4-A 


HISTORICAL  CHO  EOPRT  ASSAY  CONTROL  NUTAMT  FREQUENCY  DATA 


A.  Nonactivation  Studies 


1. 


Pooled  negative  and  solvent  controls 


Mean  (t  SO) 

Range 

Number  of  experiments 
Nvunber  of  controls 


3.9  ±  2.9  X  10"* 
0  to  16.8  X  10~* 
50 
88 


2. 


Positive  controls  (SO  tig/nCL  S-bromo-2'-deoxyuridina) 


Mean  (±  SO) 

Range 

Number  of  experiments 
Number  of  controls 


121.6  i  27.9  X  10"* 
38.7  to  165.6  X  lO"® 
SO 
59 


B.  Activation  Studies 


1.  Pooled  negative  and  solvent  controls 


Mean  (i  SO) 

Range 

Number  of  experiments 
Number  of  controls 

2.  Positive  controls  (5  / 

Mean  (i  SO) 

Range 

Number  of  experiments 
Number  of  controls 


2.9  t  2.1  X  10"* 

0  to  10.0  X  10"* 

50 
86 

3-methylcholar.threne) 

370.0  ±  173.3  X  10"* 
152.3  to  941.6  X  10"* 
50 
61 


The  historical  control  data  was  compiled  from  the  most  recent  fifty 
experiments.  Because  some  experiments  contained  duplicate  controls,  the 
number  of  independent  control  cultures  exceeded  the  number  of  experiments. 
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APPENDIX  4-B 


ASSAY  ACCEPT7J(CE  AND  EVALUATION  CRITERIA 


Assay  accaptsncs  criteria 

An  assay  normally  is  considered  acceptable  for  evaluation  of  the  results 
only  if  all  of  the  following  criteria  are  satisfied.  The  activation  and 
nonactivation  portions  of  the  mutation  assay  may  be  performed  concurrently,, 
but  each  portion  is,  in  fact,  an  independent  assay  with  its  own  positive  and' 
vehicle  controls.  The  activation  or  nonactivation  assays  will  be  repeated 
independently,  as  needed,  to  satisfy  the  acceptance  and  evaluation  criteria. 

The  average  absolute  cloning  efficiency  of  the  vehicle  controls  should 
be  between  70%  and  113%.  A  value  greater  than  100%  is  possible  because  of 
errors  in  cell  counts  (usually  ±  10%)  and  dilutions  during  cloning.  Cloning 
efficiencies  below  70%  do  not  necessarily  indicate  substandard  culture 
conditions  or  unhealthy  cells.  Assay  variables  can  lead  to  artificially  low 
cloning  efficiencies  in  the  range  of  50  to  70%  and  still  yield  internally 
consistent  and  valid  results.  Assays  with  cloning  efficiencies  in  this  range 
will  be  conditionally  acceptable  and  dependent  on  scientific  judgment.  All 
assays  below  50%  cloning  efficiency  will  be  unacceptable. 

The  background  mutant  frequency  (average  of  the  vehicle  controls)  is 
calculated  separately  for  the  activation  and  nonactivation  assays,  even  though 
the  same  population  of  cells  may  be  used  for  concurrent  assays.  The 
activation  vehicle  controls  contain  the  S9  activation  mix  and  may  have  a 
slightly  different  mutant  frequency  than  the  nonactivation  vehicle  controls. 


For  both  conditions,  background  frequencies  for  assays  performed  with 
different  cell  stocks  are  generally  0  to  10  x  10~®.  Assays  vith  backgrounds 
greater  than  15  x  10”®  will  not  be  used  for  evaluation  of  a  test  article. 

A  positive  control  is  included  with  each  assay  to  provide  confidence  in 


the  procedures  used  to  detect  mutagenic  activity.  An  assay  will  be  acceptable 


in  the  absence  of  a  positive  control  (loss  due  to  contamination  or  technical 


error)  only  if  the  test  article  clearly  shows  mutagenic  activity  as  described 
in  the  evaluation  criteria.  If  the  test  article  appears  to  have  no  or  only 
weak  mutagenic  activity,  an  acceptable  assay  must  have  a  posftive  control 
mutant  frequency  that  is  significantly  elevated  over  the  concurrent  vehicle 
controls  (p  s  o.Ol). 

For  test  articles  with  little  or  no  mutagenic  activity,  an  acceptable 
assay  should  include  applied  concentrations  that  reduce  the  clonal  survival  to 
approximately  10%  to  15%  of  the  average  of  the  vehicle  controls,  reach  the 
maximum  applied  concentrations  given  in  the  evaluation  criteria,  reach  a 
concentration  that  is  approximately  twice  the  solubility  limit  of  the  test 
article  in  culture  medium,  or  include  a  high  concentration  that  is  at  least 
75%  of  an  excessively  toxic  concentration.  There  is  no  maximum  toxicity 
requirement  for  teat  articles  which  clearly  show  mutagenic  activity. 

Mutant  frequencies  are  normally  derived  from  sets  of  twelve  dishes  for 
the  mutant  colony  count  and  three  dishes  for  the  viable  colony  count.  To 
allow  for  contamination  losses,  an  acceptable  mutant  frequency  for  treated 
cultures  can  be  calculated  from  a  minimum  of  eight  mutant  selection  dishes  and 
two  cloning  efficiency  dishes. 

The  mutant  frequencies  for  five  treated  cultures  are  normally  determined 
in  each  assay.  A  required  number  of  different  concentrations  ca-inot  be 
explicitly  stated,  although  a  minimum  of  three  analyzed  cultures  is  considered 
necessary  under  the  most  favorable  test  conditions  in  order  to  accepc  a  single 
assay  for  evaluation  of  the  test  article. 


Assay  svaluatlon  criteria 

Mutation  assays  are  initiated  by  exposing  cell  cultures  to  about  six  to 
eight  concentrations  of  test  article  that  are  expected,  on  the  basis  of 
preliminary  toxicity  studies,  to  span  a  range  of  cellular  responses  from  no 
observed  toxicity  to  about  10%  survival.  Five  dose  levels  are  usually  then 
selected  for  completion  of  the  mutation  assay.  These  doses  should  cover  a 
range  of  toxicities  with  emphasis  placed  on  the  most  toxic  doses.  An  assay 
may  need  to  be  repeated  with  different  concentrations  to  properly  evaluate  a 
test  article. 

The  statistical  tables  provided  by  Kastenbaum  and  Bowman  (1970)  are  used 
to  determine  whether  the  results  at  each  dose  level  are  significantly 
different  from  the  negative  controls  at  95%  or  99%  confidence  levels.  This 
teat  compares  variables  distributed  according  to  Poisaonian  expectations  by 
summing  up  the  probabilities  in  the  tails  of  two  binomial  distributions.  The 
95%  confidence  level  must  be  met  as  one  criterion  for  considering  the  test 
article  to  be  active  at  a  particular  dose  level.  In  addition,  the  mutant 
frequency  must  meet  or  exceed  15  x  10~^  in  order  to  compensate  for  random 
fluctuations  in  the  0  to  10  x  10~^  background  mutant  frequencies  that  are 
typical  for  this  assay. 

Observation  of  a  mutant  frequency  that  meets  the  minimum  criteria  for  a 
positive  response  in  a  single  treated  culture  within  a  range  of  assayed 
concentrations  is  not  sufficient  evidence  to  evaluate  a  test  article  as  a 
mutagen.  The  following  test  results  must  be  obtained  to  reach  this  conclusion 
for  either  activation  or  nonactivation  conditions: 

A  dose-related  or  toxicity-related  increase  in  mutant  frequency  should 
be  observed.  It  is  desirable  to  obtain  this  relation  for  at  least  three 
doses.  However,  this  depends  on  the  concentration  steps  chosen  for  the 
assay  and  the  toxicity  at  which  mutagenic  activity  appears.  If  an 
increase  in  mutant  frequency  is  observed  for  a  single  dose  near  the 
highest  testable  toxicity,  as  defined  previously,  and  the  number  of 
mutant  colonies  is  more  than  twice  the  value  needed  to  indicate  a 
significant  response,  the  test  article  generally  will  be  considered 
mutagenic.  Smaller  increases  at  a  single  dose  near  the  highest  testable 
toxicity  will  require  confirmation  by  a  repeat  assay. 

For  some  test  articles,  the  correlation  between  toxicity  and  applied 
concentration  is  poor.  The  proportion  of  the  applied  article  that 
effectively  interacts  with  the  cells  to  cause  genetic  alterations  is  not 
always  repeatable  or  readily  controlled.  Conversely,  measurable  changes 
in  the  frequency  of  induced  mutants  may  occur  with  concentration  changes 
that  cause  only  small  changes  in  observable  toxicity.  Therefore,  either 
parameter,  applied  concentration  or  toxicity  (percent  survival),  can  be 
used  to  establish  whether  the  mutagenic  activity  is  related  to  an 
increase  in  effective  treatment. 

Treatments  that  reduce  relative  clonal  survival  to  less  than  five 
percent  may  be  included  in  the  assay  but  will  not  be  used  as  sufficient 
evidence  for  mutagenicity  as  it  relates  to  risk  assessment. 

A  test  article  is  evaluated  as  nonmutagenic  in  a  single  assay  only  if 
the  minimum  increase  in  mutant  frequency  is  not  observed  for  a  range  of 
applied  concentrations  that  extends  to  concentrations  causing  about  10%  to  15% 
survival  or  extends  to  a  concentration  at  least  75%  of  that  causing  excessive 
toxicity.  If  the  test  article  is  relatively  nontoxic,  the  maximum  applied 
concentre*: ion  will  normally  be  5  mg/mL  (or  5  /iL/mL)  for  water-soluble 


matsriala  or  1  mg/mL  (or  1  pL/mL)  for  materials  in  organic  solvents.  If  a 
repeat  assay  does  not  confirm  an  earlier,  minimal  response  as  discussed  above, 
the  test  article  is  evaluated  as  nonmutagenic  in  this  assay  system. 

This  presentation  may  not  encompass  all  test  situations,  and  criteria 
may  be  used  to  arrive  at  a  conclusior,  especially  when  data  from  several 
repeat  assays  are  available.  The  interpretation  of  the  results  in  the  Results 
and  Discussion  section  provides  the  reasoning  involved  when  departures  from 
the  above  descriptions  occur. 
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nCHAMOB  AMD  CHROMOSOMAL  ABERRATION  FREQUENCIES  IN 
CHIMESE  HAMSTER  OVARY  CEIXS 

H.  Murli 

ABSTRACT 

Th«  objcctiva  of  this  assay  was  to  svaluats  the  ability  of  PFDA  to 
induce  SCE  and  chromosomal  aberrations  in  CHO  calls  both  with  and  without  S9 
metabolic  activation.  In  the  SCE  assay,  duplicate  cultures  of  CHO  cells  were 
incubated  with  target  concentrations  of  PFDA  ranging  from  0.167  to  5000  pg/mL 
in  a  half-log  series.  There  was  no  significant  increase  in  SCE  at  the 
concentrations  tested. 

No  call  cycle  delay  was  evident  at  the  doses  analyzed  in  the 
nonactivation  SCE  assay.  Cell  cycle  delay  was  observed  only  at  the  highest 
dose  of  167  pg/mL  in  the  SCE  assay  with  metabolic  activation.  Baaed  on  the 
evaluation  of  call  cycle  kinetics  from  the  SCE  assay,  duplicate  cultures  of 
CHO  cells  were  incubated  with  concentrations  ranging  from  7.50  to  200  pg/mL  in 
a  10-h  nonactivation  aberrations  assay.  Concentrations  of  10.0  to  100  pg/mL 
were  tested  in  a  10-h  aberrations  assay  and  concentrations  of  100  to  201  pg/mL 
in  a  2C-h  aberrations  assay  under  conditions  of  metabolic  activation.  No 
significant  increase  in  cells  with  chromosomal  aberrations  was  observed  in  the 
nonactivation  assay,  but  a  significant  increase  was  observed  under  conditions 
of  metabolic  activation.  Therefore,  PFDA  was  considered  negative  for  inducing 
SCE  and  negative  for  inducing  chromosomal  aberrations  in  CHO  cells  under 
nonactivation  conditions,  but  positive  under  the  metabolic  activation 
conditions  of  this  assay. 

IMTRODUCTION 

The  chromosomes  of  dividing  cells  consist  of  two  identical  halves,  or 
sister  chromatids.  SCEs  are  seen  at  metaphase  of  cell  division  as  reciprocal 
interchanges  of  the  two  chromatid  arms  within  a  single  chromosome.  These 
exchanges  presumably  require  enzymatic  incision,  translocation,  and  ligation 
of  the  two  ONA  strands.  The  frequency  of  SCE  is  thought  to  be  a  very 
sensitive  indicator  of  damage  to  DNA  and  are  caused  by  many  chemical  agents 
known  to  be  mutagens  or  carcinogens. 

The  SCE  assay  involves  treating  cultured  cells  with  a  test  compound, 
exposing  the  cells  in  culture  to  the  thymidine  analog  BrdU  for  two  cell 
cycles,  and  making  chromosome  preparations  that  are  stained  for  SCE.  By 
growing  cells  with  BrdU  for  two  cell  cycles  one  chrom.-ttid  contains  half  as 
much  BrdU  as  the  other  and  is  stained  more  intensely  by  Giemsa,  while  its  pair 
(the  sister  chromatid),  is  pale. 

The  chromosomal  aberrations  assay  was  designed  to  examine  cells  in  the 
first  mitosis  after  chemical  exposure  to  establish  whether  the  test  article 
and/or  its  metabolites  can  interact  with  cells  to  induce  chromosomal  breaks. 
Aberrations  are  a  consequence  of  failure  or  mistakes  in  repair  processes 
resulting  in  breaks  that  do  not  rejoin  or  rejoin  in  abnormal  configurations 
(Evans,  1962).  Examining  cells  in  the  first  mitosis  after  chemical  exposure 
limits  loss  of  aberrant  cells  during  the  division  process  or  conversion  into 
complex  derivatives  during  subsequent  cell  cycles.  In  the  case  of  CHO  cells 
most  dividing  cells  examined  a-12  h  after  treatment  are  in  the  first  mitosis 
(M^  cells).  However,  many  test  articles  cause  severe  delay  of  progression 
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through  the  cell  cycle,  and  the  assay  has  been  designed  to  detect  this  delay 
and  allow  for  slower  growth  of  damaged  cells  by  adjustments  in  the  time 
between  treatment  and  cell  fixation. 


EXPERIMENTAL  DESIGN 

In  the  SCE  assay,  CHO  cell  cultures  that  were  exposed  to  the  test 
article  for  approximately  two  cell  cycles  were  analyzed  to  determine  cellular 
toxicity  and  effects  of  the  test  article  on  cell  generation  time.  If 
necessary  and  possible,  the  assay  was  extended  in  cultures  at  affected  doses 
to  permit  the  progression  to  second  generation  cells.  The  doses  used  in  the 
assay  ranged  from  0.167  to  5020  pg/mL  of  the  test  material  in  a  half-log 
series.  Single  cultures  were  used  for  the  negative  control,  solvent  control, 
and  each  of  two  doses  for  the  positive  control;  duplicate  cultures  were  used 
for  the  ten  doses  of  the  test  material.  SCE  frequencies  were  analyzed  from 
cultures  treated  with  the  four  highest  doses  having  second  generation  cells 
and  from  a  negative,  solvent,  and  positive  control  culture.  Call  cycle 
kinetics  of  the  treated  cultures  were  also  evaluated. 

SUMMARY  OF  SCE  ASSAY  TREATMENT  SCHEDULE  IN  HOURS  (APPROXIMATE) 
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Cell  cycle  kinetics  from  the  SCE  assay  were  used  to  determine  the  dose 
range  to  be  used  in  the  chromosomal  aberrations  assay  and  to  determine  the 
optimal  time  of  harvest  of  the  dosed  cells  so  that  primarily  metaphase  cells 
(in  the  first  metaphase  since  exposure  to  the  test  article)  would  be  analyzed 
for  chromosomal  aberrations.  The  aberrations  assay  was  conducted  at  the  10-h 
harvest  time  for  those  chemicals  that  did  not  induce  any  cell  cycle  delay  and 
at  the  20-h  harvest  time  for  those  chemicals  that  induced  cell  cycle  delay. 

In  the  chromosomal  aberrations  assay  duplicate  cultures  were  used  for 
each  dose.  Single  cultures  were  used  for  the  negative  control,  solvent 
control,  and  at  each  of  two  doses  for  the  positive  control.  In  the 
nonactivation  assay,  10-  and  20-hour  harvests  were  conducted  while  a  10-h 
harvest  was  conducted  in  the  activation  assay.  Chromosomal  aberrations  were 
analyzed  for  the  cultures  treated  at  the  four  highest  doses  from  which  results 
could  be  obtained  and  from  only  one  of  the  positive  control  doses.  A  summary 
of  the  treatment  schedule  for  the  chromosomal  aberrations  assays  is  given 
below. 


SUMMARY  OF  CHROMOSOMAL  ABERRATIONS  ASSAY  TREATMENT  SCHEDULE  IN  HOURS 

(APPROXIMATE) 
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NAIERIALS  AND  METHODS 


Test  Notarial 

The  PFDA  used  in  these  studies  was  provided  by  the  U.S.  Air  Force.  The 
white,  crystalline  flakes  were  identified  as  Lot  No.  1105ML  and  stored  in  its 
original  container. 

Indicator  Cells 

The  CHO  cells  (CHO-WBL)  used  in  this  assay  were  from  a  permanent  cell 
line  and  have  been  recloned  to  maintain  karyotypic  stability.  This  cell  line 
has  an  average  cycle  time  of  12  to  14  h  with  a  modal  chromosome  number  of  21. 

Call  Culture  Medium 

The  CHO  cells  were  grown  in  McCoy's  5a  culture  medium  that  was 
supplemented  with  10%  FBS,  1%  L-glutamine,  and  1%  penicillin  and  streptomycin, 
at  37 ®C,  in  an  atmosphere  of  5%  COj  in  air. 

Negative  and  Solvent  Controls 

In  the  nonactivation  assays,  negative  controls  were  cultures  that 
contained  only  cells  and  culture  medium.  Solvent  controls  were  cultures 
containing  the  solvent  in  place  of  the  test  article  at  the  same  concentration 
used  in  test  cultures.  In  the  activation  assays,  the  negative  and  solvent 
controls  were  the  same  as  in  the  nonactivation  assays  but  the  S9  activation 
mixture  was  included. 

Positive  Control  Agents 

The  positive  control  agents  that  were  used  in  the  assays  were 
mitomycin  C  (MHC)  for  the  nonactivation  assays  and  cyclophospheunide  (CP)  for 
the  metabolic  activation  assays.  MHC  is  a  clastogen  that  does  not  require 
metabolic  activation,  while  CP  must  first  be  converted  to  active  metabolites 
by  microsomal  enzymes.  In  the  SCE  assay  two  doses  of  MMC  (0.005  fjg/mL  and 
0.010  ^ig/mL)  and  CP  (1.50  jig/mL  and  2.00  /jg/mL)  were  used.  In  the  chromosomal 
aberrations  assays  two  concentrations  of  MMC  (0.500  ^g/mL  and  1.00  ^g/mL,  10-h 
harvest;  0.040  pg/mL  and  0.080  ^ig/mL,  20-h  harvest)  and  CP  (25.0  pg/mL  and 
50.0  pg/mL)  were  used.  Only  cultures  exposed  to  one  dose  of  the  jpositive 
control  were  actually  analyzed  in  each  of  the  SCE  and  aberration  assays. 


Sister  Chromatid  Exchange  Assays 

In  these  assays,  the  cells  were  cultured  for  approximately  24  h  prior  to 
treatment  by  seeding  approximately  0.8  x  10^  cells  per  75  cm^  flask  into  10  mL 
of  complete  McCoy’s  5a  culture  medium.  BrdU  was  added  at  a  final 
concentration  of  10  approximately  2  h  after  the  initial  exposure  of  the 
cells  to  the  test  article. 


Nonactivation  Assay:  The  cultures  were  dosed  with  the  test  article  for 
approximately  2.5  h  and  then  BrdU  was  added  at  a  final  concentration  of  10  pM. 
The  cultures  were  reincubated  for  approximately  23  h.  Approximately 
2.75  h  prior  to  the  harvest  of  the  cells,  the  test  article  was  washed  from  the 
cells  with  PBS  and  fresh  culture  medium  containing  BrdU  (10  pM),  and  Colcemid 
(final  concentration  0.1  pg/mL)  was  added. 

Prior  to  the  harvest  of  the  cultures  visual  observations  of  toxicity 
were  made.  These  observations  included  an  assessment  of  the  percent 
confluence  of  the  cell  monolayer  within  the  culture  flasks.  The  cultures  were 
also  evaluated  for  the  presence  of  mitotic  (large  rounded  cells)  or  dead  cells 
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floating  in  the  medium.  Only  flasks  from  the  highest  seven  surviving  doses 
from  which  metaphase  cells  for  analysis  were  expected  were  harvested  (See 
Section  on  Harvest). 

The  culture  medium  was  collected  and  centrifuged.  The  mitotic  cells 
were  fixed  and  fresh  culture  medium  was  replaced  on  the  remaining  cell 
monolayer  in  the  flasks.  A  test  slide  was  made  from  fixed  cells  treated  with 
the  highest  doses  of  teat  compound  and  stained  with  Hoechst  33258  stain  (0..5 
;ig/mL  in  PBS,  pH  6.8).  The  slides  were  examined  under  ultraviolet  (UV) 
fluorescence  microscopy.  If  there  was  a  marked  cell  cycle  delay,  a  second 
cell  collection  was  made  following  an  additional  6  h  and  mitotic  cells  were 
harvested.  The  harvested  cells  were  differentially  stained  for  the  analysis 
of  SCE  using  a  modified  f luorescence-plus-Giemsa  (FPG)  technique  (See  Sections 
on  Harvest  and  Slide  Preparation  and  Staining). 

Assay  with  Hetabolic  Activation:  In  this  assay,  the  CHO  cells  were 
exposed  to  the  test  article  for  2  h  in  the  presence  of  a  rat  liver  S9  reaction 
mixture  (S9  15  pL/mL,  NADP  1.5  mg/mL,  and  isocitric  acid  2.7  mg/mL).  The  S9 
fraction  was  derived  from  the  liver  of  male  Sprague-Dawley  rata  treated  with 
Aroclor  1254  to  induce  the  mixed  function  oxidase  enzymes  and  purchased  from 
Molecular  Toxicology  Inc.  The  2-h  incubation  time  was  chosen  because 
prolonged  exposure  to  the  S9  mixture  can  be  toxic  to  the  cells  and  enzyme 
activity  of  S9  is  lost  rapidly  at  37 ®C.  The  medium  did  not  contain  FBS  during 
the  exposure  period  because  highly  reactive  or  short-lived  intermediates 
produced  by  the  S9  enzymes  can  bind  to  serum  proteins. 

After  the  exposure  period  the  cells  were  washed  twice  with  PBS. 

Complete  McCoy's  5a  medium  containing  10  pM  BrdU  was  added  to  the  cultures 
that  were  then  incubated  for  approximately  23  h.  Colcemid  (final 
concentration  0.1  fjg/mL)  was  then  added,  the  cultures  reincubated  for 
2.5  h,  and  the  cells  harvested  and  examined  for  any  cell  cycle  delay.  Slides 
were  prepared  and  stained  as  described  for  the  nonactivation  assay.  Delayed 
fixation  was  not  required  for  any  of  the  surviving  cultures. 

Cbromosoul  Aberrations  Assay 

ffonactivation  Assay;  Cultures  were  initiated  by  seeding  approximately 
1.0  X  10^  cells  (20-h  assay)  and  1.2  x  10^  cells  (10-h  assay)  per  75  cm^  flask 
into  10  ml.  of  complete  McCoy's  5a  medium.  One  day  after  culture  initiation, 
the  CHO  cells  to  be  used  in  the  nonactivation  assay  were  treated  with  the  test 
artl^'le  at  predetermined  doses  for  7.25  and  17.25  h.  The  cultures  were  then 
waslied  with  PBS  and  complete  medium  containing  0.1  fjg/mL  Colcemid  was  added 
back  to  the  cultures.  Two  and  one-half  hours  later  the  cells  were  harvested 
and  air-dried  slides  were  prepared  and  stained  in  5%  Giemsa  solution  for  the 
analysis  of  chromosomal  aberrations. 

Assay  with  ftstabolic  Activation:  Cultures  were  initiated  by  seeding 
approximately  1,2  x  10^  cells  per  75  cm^  flask  into  10  mL  of  complete  McCoy's 
5a  medium.  One  day  after  culture  initiation,  the  cultures  were  incubated  at 
37'’C  for  2  h  in  the  presence  of  the  test  article  and  the  S9  reaction  mixture 
in  McCoy's  5a  medium  without  FBS.  After  the  2-h  exposure  period  the  cells 
were  washed  twice  with  PBS  and  complete  medium  was  added  back  to  the  cultures. 
The  cells  were  incubated  for  an  additional  7.75  h  with  0.1  )jg/ml.  Colcemid 
added  during  the  last  2.5  h  of  incubation.  The  metaphasa  cells  were  then 
harvested  and  prepared  for  cytogenetic  analysis. 
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Harrsst  Procedure 

The  metaphaae  cells  were  collected  by  mitotic  shake-off  (Terasima  and 
Tolmach,  1961)  and  were  treated  with  0.075  M  KCl  solution  to  swell  the  cells 
and  disperse  the  chromosomes.  The  cultures  were  then  fixed  with  an  absolute 
methanol/glacial  acetic  acid  <3:1,  v/v)  fixative  and  were  washed  several  times 
before  air-dried  slides  were  prepared. 

Slide  Preparation  and  Staining 

Slides  were  prepared  by  dropping  the  harvested  cultures  on  clean  slides. 
The  slides  from  the  rangefinding  assays  were  differentially  stained  using  a 
modified  PPG  technique  (after  Perry  and  Wolff,  1974;  Goto  et  al.,  1978).  The 
slides  were  stained  in  Hoechst  33258  stain,  exposed  to  UV  light,. and  stained 
with  Giemsa  Azure  B  stain.  Slides  for  analysis  of  chromosomal  aberrations 
were  stained  with  5%  Giemsa  solution.  All  slides  were  then  air-dried  and 
coverslipped  using  Depex  mounting  medium. 

SCB  Analysis  and  Assay  Evaluation 

Fifty  cells  per  dose  were  analyzed  from  each  of  the  top  four  doses  from 
which  sufficient  M2  metaphaae  cells  were  available.  Fifty  cells  were  analyzed 
from  each  of  the  negative  and  solvent  controls,  and  at  least  twenty  cells  were 
analyzed  from  one  of  the  positive  control  doses.  For  control  of  bias,  all 
slides  except  for  the  positive  controls  were  coded  prior  to  analysis.  Calls 
were  selected  for  scoring  on  the  basis  of  good  morphology  and  clear  sister 
chromatid  differentiation  along  the  entire  length  of  all  chromosomes;  only 
calls  with  the  number  of  centromeres  equal  to  the  modal  number  21  ±  2  (range 
of  19-23)  were  analyzed. 

The  slides  were  also  examined  for  the  presence  of  delayed  cells.  One 
hundred  metaphase  cells  were  scanned  and  classified  as  M^,  M^^,  or  M2  from 
each  dose  and  the  positive,  negative,  and  solvent  controls  to  give  an  estimate 
of  cell  cycle  inhibition.  In  those  doses  where  more  than  one  harvest  was 
conducted,  cells  were  analyzed  for  cell  cycle  kinetics  and  SCE  from  the 
earliest  harvest  time  from  which  sufficient  M2  cells  were  available  for 
analysis.  Controls  were  analyzed  only  at  the  normal  harvest  time  (25-26  h). 
The  cell  cycle  kinetics  were  presented  as  replicative  index  (PI),  calculated 
using  the  formula  (1  x  M^  1.5  x  Mj^.^  2  x  M2  +  2.5  x  Mj^)/#  of  cel.'s 

analyzed  (Schneider  et  al.,  1981). 

If  an  increase  in  SCE  was  observed,  one  of  the  following  criteria  must 
have  normally  been  met  to  assess  the  compound  as  positive. 

Two- fold  incrBaaei  Approximately  a  doubling  in  SCE  frequency  over  the 
"background"  (solvent  and  negative  control)  levels  at  one  or  more  doses. 

Dose  response:  A  positive  assessment  may  be  made  in  the  absence  of  a 
doubling  of  the  SCE  frequency  if  there  was  a  statistically  significant 
increase  at  a  minimum  of  three  doses  and  evidence  for  a  positive  dose 
response. 

In  some  cases,  a  statistically  significant  increase  was  observed  with 
neither  a  doubling  nor  a  dose  response.  These  results  were  assessed  according 
to  the  magnitude  of  the  response,  and  the  proportion  of  the  doses  affected. 

Statistical  analysis  employed  a  Dunnett ’ s  one-tailed  t-test  (Bancroft, 
1957;  Hollander  and  Wolfe,  1973)  to  compare  SCE  frequencies  in  the  tested 
cultures  with  that  of  the  negative  and  solvent  controls.  The  final  evaluation 
of  the  test  article  was  based  upon  scientific  judgment. 
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Ab«rratioa«  Analysis  and  Assay  Evaluation 

Cells  were  selected  for  good  morphology  and  only  cells  with  the  number 
of  centromeres  equal  to  the  modal  number  21  ±  2  (range  19-23)  were  analyzed. 
One  hundred  cells,  if  possible,  from  each  duplicate  cultures  at  four  doses  of 
the  test  article  and  from  each  of  the  negative  and  solvent  control  cultures 
were  analyzed  for  the  different  types  of  chromosomal  aberrations  (Evans, 

1962).  At  least  25  cells  were  analyzed  for  chromosomal  aberrations  from  one: 
of  the  positive  control  cultures.  For  control  of  bias,  all  slides  except  for 
the  positive  controls  were  coded  prior  to  analysis. 

The  following  factors  were  taken  into  account  in  the  evaluation  of  the 
chromosomal  aberrations  data: 

The  overall  chromosomal  aberration  frequencies. 

The  percentage  of  cells  with  any  aberrations. 

The  percentage  of  cells  with  more  than  one  aberration. 

Any  evidence  for  increasing  amounts  of  damage  with  increasing  dose, 
i.e.,  a  positive  dose  response. 

The  estimated  number  of  breaks  involved  in  the  production  of  the 
different  types  of  aberrations  which  were  observed,  i.e.,  complex 
aberrations  may  have  more  significance  than  simple  breaks. 

Chromatid  and  isochromatid  gaps,  if  observed,  were  noted  in  the  raw  data 
and  were  tabulated.  They  were  not,  however,  considered  in  the  evaluation  of 
the  ability  of  the  test  article  to  induce  chromosomal  aberrations  since  they 
may  not  represent  true  chromosomal  breaks  and  may  possibly  be  induced  by 
toxicity. 

A  cell  classified  as  ”GT"  was  considered  to  contain  10  aberrations  for 
statistical  purposes  but  a  was  also  included  in  the  tables  for  this 
classification  to  indicate  that  it  is  a  minimum  number. 

Statistical  analysis  employed  the  Fisher's  Exact  Test  with  an  adjustment 
for  multiple  comparisons  (Sokal  and  Rohlf,  1981)  to  compare  the  percentage  of 
cells  with  aberrations  in  each  treatment  group  with  the  results  from  the 
pooled  solvent  and  negative  controls  (the  solvent  and  negative  controls  were 
statistically  evaluated  for  similarity  prior  to  the  pooled  evaluation) .  Test 
article  significance  was  established  where  p  £  0.01.  All  factors  as  stated 
previously  were  taken  into  account  and  the  final  evaluation  of  the  test 
article  was  based  upon  scientific  judgment. 

REStTLTS  AM)  DISCUSSION 

Solubility,  Stability,  and  Dose  Oetereination 

The  solubility  of  the  test  material  was  first  tested  in  sterile 
deionized  water  and  a  thick  gel  like  suspension  formed  at  a  concentration  of 
-399  mg/mL  that  separated  over  'ime.  A  similar  suspension  was  obtained  at  a 
concentration  of  -400  mg/ml  in  Pluronic  F-68.  A  clear  solution  was  obtained 
in  DMSO  at  a  concentration  of  500  mg/mL.  This  solution  was  mixed  with  McCoy's 
5a  culture  medium  (1%  v/v)  and  a  slightly  cloudy  solution  at  a  pH  of  -7.0  was 
obtained.  DMSO  was  the  solvent  chosen  and  a  target  stock  concentration  of  500 
mg/mL  was  prepared.  A  half-log  series  of  target  concentrations  ranging  from 
0.167  to  5000  ng/mL,  was  tested  in  the  SCE  assay 
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SCB  Assay 

Honactivation  Assay:  In  the  first  trial  of  the  SCE  assay  only  single 
flasks  were  dosed.  Therefore  a  second  trial  was  conducted.  The  results  from 
this  first  trial  were  used  for  analysis  of  cell  cycle  kinetics.  Complete 
cytotoxicity  was  observed  at  concentrations  of  167  pig/mL  and  higher.  No 
toxicity  was  observed  in  the  other  teat  cultures.  Cell  cycle  kinetics  were 
analyzed  at  5.01,  16.7,  and  50.1  pg/ml  and  no  cell  cycle  delay  was  observed  at 
these  doses.  Based  on  these  cell  cycle  kinetics,  a  10-h  harvest  was  selected 
for  testing  concentrations  of  7.50,  10.0,  25.0,  50.0,  75.0,  100,  150,  and 
200  pg/mL  in  the  aberrations  assay  without  metabolic  activation. 

In  Trial  2  of  the  SCE  assay,  complete  cytotoxicity  was  again  observed  at 
concentrations  of  167  pg/mL  and  higher.  A  slight  reduction  in  the  number  of 
visible  mitotic  cells  and  an  approximately  15%  reduction  in  the  cell  monolayer 
confluence  were  observed  at  a  concentration  of  50.0  pig/mL.  SCE  were  analyzed 
from  cultures  exposed  to  concentrations  of  1.67,  5.00,  16.7,  and  50.0  /jg/mL 
(Table  5-1).  No  significant  increase  in  SCE  was  observed  at  the 
concentrations  analyzed.  The  sensitivity  of  the  cell  culture  for  induction  of 
SCE  was  demonstrated  by  the  increased  frequency  of  SCE  in  the  cells  exposed  to 
the  positive  control  agent.  PFDA  was  considered  negative  for  inducing  SCE 
under  conditions  of  nonactivation. 

TABLE  5-1.  SISTER  CHROMATID  EZCBANOE  IN  CHO  CELLS 
WITHOUT  METABOLIC  ACTIVATION  OP  PFDA 


Dose  Total  «  of  *  of  SCE/  SCE/Cell  X  SCE  Confluence 

ag/rnL  Celia  Chrono-  SCE  Chroma-  Mean  t  SE  Increase  X  Solvent 

Scored  tomes  some  Rl  Over  Solvent  Control 


keCoys  5« 

50 

1028 

325 

0.32 

6.50 

t 

0.37 

1.91 

OMSO* 

50 

1038 

377 

0.36 

7.54 

t 

0.43 

1.75 

100 

MMC 

0.010 

20 

A13 

708 

1.71 

35.40 

t 

1.69« 

1.82 

372 

100 

PFDA 

1.67 

50 

1040 

365 

0.35 

7.30 

t 

0.44 

1.80 

100 

PFDA 

5.00 

50 

1043 

383 

0.37 

7.66 

t 

0.47 

1.80 

1 

100 

PFDA 

16.7 

50 

1042 

397 

0.38 

7.94 

t 

0.33 

1.82 

5 

100 

PFDA 

50.0 

50 

1040 

394 

0.38 

7.88 

1 

0.46 

1.86 

4 

100 

PFDA  167»* 

®  Concentration  of  OMSO  »  1X  v/v. 

*  Significantly  greater  than  the  solvent  control,  p  <  0.05. 

*•  Toxic  dose. 

Assay  With  Metabolic  Activation:  In  the  first  trial  of  the  SCB  assay 
only  single  flasks  were  dosed  and  hence  the  SCE  assay  was  repeated.  The 
results  from  this  assay  were,  however,  used  for  analysis  of  cell  cycle 
kinetics.  Complete  cytotoxicity  was  observed  at  concentrations  of  501,  1670, 
and  5010  fjg/mL.  A  slightly  unhealthy  cell  monolayer,  an  approximately  30% 
reduction  in  the  cell  monolayer  confluence,  floating  dead  cells  and  debris, 
and  a  severe  reduction  in  the  number  of  visible  mitotic  cells  were  observed  at 
a  concentration  of  167  ;jg/mL.  No  toxicity  was  observed  in  the  other  teat 
cultures.  Cell  cycle  kinetics  were  analyzed  from  cultures  exposed  to 
concentrations  of  1.67,  5.01,  16.7,  50.1,  and  167  pig/mL.  Severe  cell  cycle 
delay  was  observed  at  a  concentration  of  167  pg/mL.  Based  on  these  cell  cycle 
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kinetics,  a  10-h  harvest  was  selected  for  testing  concentrations  of  10.0, 

25.0,  50.0,  75.0,  and  100  ^ig/mL,  and  a  20-h  harvest  was  selected  for  testing 
concentrations  of  100,  151,  and  201  pg/mL  in  the  aberrations  assay  with 
metabolic  activation. 

In  Trial  2  of  the  SCE  assay,  complete  cytotoxicity  was  observed  at 
concentrations  of  500,  1670,  and  5000  fjg/mL.  A  slight  reduction  in  the  number 
of  visible  mitotic  cells  and  an  approximately  15%  reduction  in  the  cell 
monolayer  confluence  were  observed  at  a  concentration  of  167  /ug/mL.  SCE  was 
analyzed  at  concentrations  of  5.00,  16.7,  50.0,  and  167  /jg/mL  (Table  5-2).  A 
weakly  significant  increase  was  observed  only  at  a  concentration  of  16.7 
/ig/mL.  No  significant  increase  in  SCE  was  observed  at  the  other 
concentrations  analyzed.  The  successful  activation  of  the  metabolic  system 
was  illustrated  by  the  increased  frequency  of  SCE  in  the  cells  induced  with 
the  positive  control  agent.  Because  the  significant  increase  observed  at  a 
concentration  of  16.7  pg/mL  was  not  present  in  cultures  exposed  to  the  higher 
doses  and  because  no  positive  dose  relationship  was  observed,  the  test  article 
was  considered  negative  for  inducing  SCE  under  conditions  of  metabolic 
activation. 


TABLE  5-2.  SISTER  CHROMATID  EXCHANGE  IN  CHO  CELLS 
WITH  METABOLIC  ACTIVATION  OF  PFDA 


Dose 

M/m 

Total 

Cel  Is 

Scored 

0  of 

Chromo¬ 

somes 

0  of 

SCE 

SCE/ 

Chromo¬ 

some 

SCE/Cell 

Mean  t  SE 

R1 

S  SCE 

Increase 

Orer  Solvent 

Confluence 

%  Solvent 

Control 

McCoys  Sa 

50 

1045 

317 

0.30 

6.34  i  0.34 

1.94 

OMSO* 

50 

1040 

354 

0.34 

7.08  t  0.40 

1.92 

10O 

CP 

1.50 

20 

414 

615 

1.49 

30.75  t  2.37* 

1.89 

336 

100 

PFDA 

5.00 

50 

1042 

349 

0.33 

6.98  1  0.42 

1.96 

100 

PFDA 

16.7 

50 

1047 

416 

0.40 

8.32  t  0.38* 

1.93 

17 

100 

PFDA 

50.0 

50 

1038 

705 

0.29 

6.10  t  0.25 

1.94 

100 

PFDA 

167 

50 

1035 

396 

0.38 

7.92  t  0.44 

1,75 

12 

100 

PFDA 

500** 

*  Concentration  of  OMSO  «  IX  v/v. 

•  Significantly  greater  than  the  solvent  control,  p  <  0.05. 
••  Toxic  dose. 


Chromosoaal  Aberrations  Assay 

Nonactivatian  Assay:  A  slightly  unhealthy  cell  monolayer  and  a 
reduction  in  the  number  of  visible  mitotic  calls  was  observed  at  a 
concentration  of  200  ^g/mL.  No  toxicity  was  observed  in  the  other  test 
cultures.  Results  were  analyzed  from  cultures  exposed  to  concentrations  of 
75.0,  100,  150,  and  200  fjg/mL  (results  pooled  from  the  replicate  cultures  are 
presented  in  Table  5-3,  and  results  from  individual  cultures  are  presented  in 
Table  5-4).  No  significant  increase  in  cells  with  chromosomal  aberrations  was 
observed  at  the  concentrations  analyzed.  The  sensitivity  of  the  cell  culture 
for  induction  of  chromosomal  aberrations  was  demonstrated  by  the  increased 
frequency  of  aberrations  in  the  cells  exposed  to  the  positive  control  agent. 
The  test  article  was  considered  negative  for  inducing  chromosomal  aberrations 
under  nonactivation  conditions. 
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XABLB  5-3.  CHKOMOSOMB  ABERRATIONS  IN  CHO  CELLS  WITHOUT 
METABOLIC  ACTIVATION  OF  PFDA 
(RESULTS  FROM  DUPLICATE  CULTURES) 


Cells 

Scored 

Ikaber 

and  Typo  of  Abarrat'on 

No.  of 

Aberra¬ 

tions 

Per  Celt 

X  Cells 

with 

Aberra¬ 

tions 

X  Calls 

Mith  >1 

Aberra¬ 

tion 

Not 

Coaiputcd 

Simple 

Complex 

Other 

TO 

$0  uc 

TB 

$8  DM  10  TR  M  Ct  R 

Cl  GT 

Media  *  OMSO 

200 

8 

1 

0.01 

U.S 

0.0 

me 

25 

5 

1 

1 

3 

1  3  5 

0.52 

40.0* 

8.0* 

(0.5  Ag/sl} 

Test  Articla 

75.0  ag/sl 

200 

9 

2 

3 

0.02 

1.0 

0.5 

10O  H/m 

200 

11 

0.00 

0.0 

0.0 

150  M/sl 

200 

5 

0.00 

0.0 

0.0 

200  AS/mL 

200 

IS 

2 

1 

1 

0.01 

1.0 

0.0 

*  Significantly  greater  than  the  pooled  negative  and  solvent  controls,  p  <  0.01. 


TABLE  5-4.  CHROMOSOME  ABERRATIONS  IN  CHO  CELLS  WITHOUT 
METABOLIC  ACTIVATION  OF  PFDA 
(RESULTS  FROM  INDIVIDUAL  CULTURES) 


Nuiber  and  Type  of  Aberration 


1  a 

Net 

Conputad 

Simple 

Complex 

other 

No.  of 

Aberra* 

X  cells 

with 

%  Cells 

with  >1 

uai  is 

Scored 

TQ  SG  UC 

TB  SB  DM 

10  TR  OR  0  R 

Cl  GT 

tions 

Par  Call 

Aberra¬ 

tions 

Aberra* 

tion 

Controls 


McCoy*.  5a 

100 

4 

0.00 

0.0 

0.0 

IX  v/v  OMSO 

100 

4 

0.01 

1.0 

0.0 

HMC 

(0.500  Kg/mL) 

25 

5 

1 

1  3 

1  3  5 

0.52 

40.0* 

8.0* 

Test  Article 

75.0  ng/tri.  A 

100 

3 

0.00 

0.0 

0.0 

B 

100 

6 

2 

3 

0.03 

2.0 

1.0 

100  Mg/mi  A 

100 

8 

0.00 

0.0 

0.0 

B 

100 

3 

0.00 

0.0 

0.0 

150  A 

100 

0.00 

0.0 

0.0 

a 

100 

5 

0.00 

0.0 

0.0 

200  n9/mL  A 

100 

9 

1 

1 

0.01 

1.0 

0.0 

8 

100 

9 

1 

1 

0.01 

1.0 

0.0 

Significantly  greater  than  the  pooled  negative  and  solvent  controls,  p  <  0.01. 


Asaay  With  Metabolic  Activationt  In  the  10-h  assay,  no  toxicity  was 
observed  in  any  of  the  teat  cultures.  Results  were  analyzed  from  cultures 
exposed  to  concentrations  of  75.0  and  100  /jg/mL  (results  pooled  from  the 
replicate  cultures  are  presented  in  Table  5-5,  and  results  from  individual 
cultures  are  presented  in  Table  5-6).  No  significant  increase  in  cells  with 
chromosomal  aberrations  was  observed  at  the  doses  analyzed. 

TABLE  S-5.  CHROMOSOME  ABERRATIONS  IN  CHO  CELLS 
WITH  METABOLIC  ACTIVATION  OP  PFDA 
(RESULTS  PROM  DUPLICATE  CULTURES,  lO-HOUR  INCUBATION) 


Huabor 

and  Type  of  Aberration 

Hot 

■a.  of 

X  Calls 

X  Cells 

Cells 

Coaputed 

Simple 

Coeplex 

Other 

Afaarra- 

with 

Aberra- 

with  >1 

Scored 

TG  SG  UC 

T8  SB  OH 

ID  TR  OR  CR  R  Cl 

GT 

Rer  Cell 

tions 

tion 

Media  and  DMSO 

200 

a  1 

0.00 

0.0 

0.0 

CP 

<25.0  M/mL) 

50 

4  1 

1  6 

5  5  4  1 

O.U 

38.0* 

6.0* 

Test  Article 

75.0  Mg/mL 

200 

2 

0.00 

0.0 

0.0 

100  M/mL 

200 

4 

3  1 

0.02 

2.0 

0.0 

•  Signiricsntly  greater 

then  the  pooled  negative  and 

solvent  controls,  p  <  0.01. 

TABLE  S-6.  CHROMOSOME  ABERRATIONS  IN  CHO 

CELLS 

WITH 

METABOLIC  ACTIVATION  OP  PPDA 

(RESULTS 

PROM  INDIVIDUAL  CULTURES,  lO-BOUR 

INCUBATION) 

Number  i 

eid  Type  of  Aberration 

Not 

He.  of 

X  Cells 

X  Cells 

Cells 

Coaputed 

Sinple 

Complex 

Other 

Aberra- 

with 

Kith  >1 

TG  SG  UC 

Ta  SB  ON 

10  TR  OR  CR  R  Cl 

GT 

Per  Ceil 

AliWrra  * 

tfons 

tion 

Scored 

McCoy's  5a 

100 

6  1 

0.00 

0.0 

0.0 

DMSO  IX  v/v 

100 

2 

0.00 

0.0 

0.0 

CP 

(25.0  MS/mt.) 

50 

4  1 

1  6 

5  5  4  1 

0.44 

38.0* 

6.0* 

Test  Article 

75.0  )ig/eil  A 

100 

1 

0.00 

0.0 

0.0 

a 

100 

1 

0.00 

0.0 

0.0 

100  Ag/iKl  A 

100 

2 

0.00 

0.0 

0.0 

a 

100 

2 

3  1 

0.04 

4.0 

0.0 

Significantly  greater  than  the  pooled  negative  and  solvent  controls,  p  <  0.01. 


In  the  20-h  assay,  a  slight  reduction  in  the  number  of  visible  mitotic 
cells  and  an  approximately  30%  reduction  in  the  cell  monolayer  confluence  was 
obsarved  at  a  concentration  of  201  pg/mL.  No  toxicity  was  observed  in  the 
other  test  cultures.  Results  were  analyzed  from  cultures  exposed  to 
concentrations  of  100,  151,  and  201  pg/mL  (results  pooled  from  the  replicate 
cultures  are  presented  in  Table  5-7,  and  results  from  individual  cultures  are 
presented  in  Table  5-8).  A  significant  increase  in  cells  with  chro.r.osomal 
aberrations  was  observed  in  cultures  exposed  to  concentrations  of  151  and 
201  /ig/mL.  The  breaks  observed  were  complex  chromatid  type  aberrations 
typical  of  chemical  clastogens.  The  successful  activation  of  the  metabolic 
system  was  illustrated  by  the  increased  incidence  of  cells  with  chromosomal 
aberrations  in  the  cultures  induced  with  CP,  the  positive  control  agent.  The 
test  article  was  therefore  considered  positive  for  inducing  chromosomal 
aberrations  under  conditions  of  metabolic  activation. 

CONCLUSION 

PFDA  was  considered  negative  for  inducing  SCEs  in  CHO  ovary  cells  under 
both  the  metabolic  activation  and  nonactivation  conditions  of  this  assay. 

The  teat  article  was  also  considered  negative  for  inducing  chromosomal 
aberrations  under  nonactivation  conditions,  but  caused  a  significant  increase 
in  chromosomal  aberrations  under  the  metabolic  activation  conditions  of  this 
assay. 


TABLE  5-7.  CHROMOSOME  ABERRATIONS  IN  CBO  CELLS 
WITH  METABOLIC  ACTIVATION  OF  PFDA 
(RESULTS  FROM  DUPLICATE  CULTURES,  20-HCUR  INCIDUTION) 


Nunfaer  and  Type  of  Aberration 


Cells 

Scored 

Not 

Confuted 

Siisple 

Comptea 

Other 

No.,  of 

Aberra* 

tiona 

Per  Cell 

X  Cells 

with 

Aberra¬ 

tions 

X  Celli 

with  >' 

Aberrs' 

tion 

TO 

SG  UC 

T9 

S8  DM 

10 

TN 

OR 

CR 

0 

Cl 

GT 

Media  and  DMSO 

200 

4 

3 

1 

1 

0.01 

1.0 

0.0 

CP 

(12.5  M/mt) 

25 

2 

A 

13 

1 

13 

8 

1 

1.60 

100.0* 

48.0* 

Test  Article 

100  (ig/mL 

200 

7 

1 

0.00 

0.0 

0.0 

151  iig/mL 

200 

12 

2 

3 

3 

1 

3 

1 

1 

2 

0.07 

5.5* 

1.0 

201  A9/nt 

200 

39 

6 

25 

20 

5 

10 

12 

2 

1 

3 

12 

>0.99 

25.0* 

14.0* 

•  Significantly  greater  than  the  pooled  negative  and  solvent  controls,  p  <  0.01. 
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ZABLB  5-8.  CBROMOSOHE  ABERRATIONS  IN  CHO  CELLS 
WITH  METABOLIC  ACTIVATION  OP  PFDA 
(RESULTS  FROM  INDIVIDUAL  CULTURES,  20-BOUR  INCUBATION) 


Celia 

Scored 

Ninber 

and  Type  of  Aberration 

No.  of  X  Cells 

Aberra-  with 

tions  Aberra- 

Per  Cell  tions 

X  Cells 

with  >1 

Aberra¬ 

tion 

Not 

Computed 

Simple 

Complex 

Other 

TG 

SG  UC 

TB 

SB  DM 

10 

TR 

0(1 

CR 

0 

Cl 

GT 

HcCoy's  5a 

100 

3 

1 

0.00 

0.0 

0.0 

OHSO  IX  v/v 

100 

1 

2 

1 

1 

0.02 

2.0 

0.0 

CP 

(12.5  :ig/mL) 

25 

2 

4 

13 

1 

13 

8 

1 

1.40 

100.0* 

48.0* 

Test  Article 

100  pg/ml  A 

100 

2 

c.oo 

0.0 

0.0 

B 

100 

5 

1 

0.00 

0.0 

0.0 

151  pg/ml  A 

100 

A 

1 

1 

1 

1 

0.04 

4.0 

0.0 

B 

100 

a 

2 

2 

2 

2 

1 

1 

2 

0.10 

7.0 

2.0 

201  ng/mi  A 

100 

20 

2 

9 

8 

5 

6 

9 

1 

1 

2 

4 

>0.81 

23.0* 

13.0* 

B 

10O 

19 

4 

14 

12 

4 

3 

1 

1 

a 

>1.17 

27.0* 

15.0* 

*  Significantly  greater  than  the  pooled  negative  and  solvent  controls,  p  <  0.01. 
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APPENDIX  5>A 


DEFINITIONS  OP  CHROMOSOME  ABERRATIONS  FOR  OIEMSA  STAINED  CELLS 

NOT  COMPUTED 

TO  Chromatid  Gap:  ("tid  gap”).  An  achromatic  (unstained)  region  in 

one  chromatid,  the  sire  of  which  is  equal  to  or 
smaller  than  the  width  of  a  chromatid.  These  are 
noted  but  not  usually  included  in  final  totals  of 
aberrations  as  they  may  not  all  be  true  breaks. 

SG  Chromosome  Gap:  ("isochromatid  gap,  IG”).  Same  as  chromatid  gap 

but  at  the  same  locus  in  both  sister  chromatids. 

UC  Uncoiled  Chromosome:  Failure  of  chromatin  packing.  Probably  not  a 

true  aberration. 

PP  Polyploid  cell:  A  cell  containing  multiple  copies  of  the  haploid 

number  (n)  of  chromosomes.  Only  indexed  if  very 
common.  Not  counted  in  the  cells  scored  for 
aberrations. 

E  Endoreduplication:  4n  cell  in  which  separation  of  chromosome  pairs 

has  failed.  Only  indexed  if  very  common.  Not 
counted  in  the  cells  scored  for  aberrations. 

SIMPLE 

T3  Chromatid  Break:  An  achromatic  region  in  one  chromatid,  larger 

than  the  width  of  a  chromatid.  The  associated 
fragment  may  be  partially  or  completely  displaced. 

SB  Chromosome  Break:  Chromosome  has  a  clear  break,  forming  an  abnormal 

(deleted)  chromosome  with  an  acentric  fragment 
(AF)  that  is  dislocated.  This  classification  now 
includes  the  AF.  The  AF  was  different  from  the  SB 
only  in  that  it  was  not  apparently  related  to  any 
specific  chromosome. 

DM  "Double  Minute"  These  are  small  double  dots,  some  of  which 

fragment:  are  terminal  deletions  and  some  interstitial 

deletions  and  probably  small  rings.  Their  origins 
are  not  distinguishable. 

COMPLEX 

ID  Interstitial  Deletion;  Length  of  chromatid  "cut  out"  from  midregion  of  a 

chromatid  resulting  in  a  small  fragment  or  ring 
lying  beside  a  shortened  chromatid  or  a  gap  in  the 
chromatid. 

TR  Triradial:  An  exchange  between  two  chromosomes,  or  one 

chromosome  and  an  AF,  which  results  in  a 
three-armed  configuration. 

QR  Quadriradial :  As  triradial,  but  resulting  in  a  four-armed 

configuration. 
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CR  Complex  Rearrangement:  An  exchange  among  more  than  two  chromosomes  or 

fragments  which  is  the  result  of  several  breaks. 

D  Dicentric:  An  exchange  between  two  chromosomes  which  results 

in  a  chromosome  with  two  centromeres.  This  is 
often  associated  with  an  AF  in  which  case  it  is 
classified  as  DF. 

DF  Dicentric  with  fragment. 

TC  Tricentric:  An  exchange  involving  thr'^e  chromosomes  and 

resulting  in  a  chromosome  with  three  centromeres. 
Often  associated  with  two  to  three  AF.  Such 
exchanges  can  involve  many  chromosomes  and  are 
naitwd  as  follows: 

QC  Quadricentric:  four  centromeres,  up  to  four  AF 

PC  Pentacentric:  five  centromeres,  up  to  five  AF 

HC  Hexacentric:  six  centromeres,  up  to  six  AF 


R  Ring:  A  chromosome  which  forms  a  circle  containing  a 

centromere.  This  is  often  associated  with  an 
acentric  fragment  in  which  case  it  is  classed  as 
RF. 

RC  Ring  Chromatid:  Single  chromatid  ring  (acentric). 

RF  King  with  assocxated  AF. 

Cl  Chromosome  Exchange  within  a  chromosome;  e.g.,  a  ring  that 

Intrachanga:  does  not  include  the  entire  chromosome. 

T  Translocation:  Obvious  transfer  of  material  between  two 

chromosomes  resulting  in  two  abnormal  chromosomes. 
When  identifiable,  scored  as  "T"  not  '2Ab." 

AB  Abnormal  monocentric  chromosome.  This  is  a 

chromosome  whose  morphology  is  abnormal  for  the 
karyotype,  and  often  the  result  of  a 
translocation,  pericentric  inversion,  etc. 
Classification  used  if  abnormality  cannot  be 
ascribed  to;  e.g.,  a  reciprocal  translocation. 

A  cell  which  contains  more  than  10  aberrations.  A 
heavily  damaged  cell  should  be  analyzed  to 
identify  the  types  of  aberrations  and  may  not 
actually  have  >  10,  e.g.,  multiple  fragments  such 
as  those  found  associated  with  a  tricentric. 
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ABSTRACT 

In  the  In  Vivo/In  Vitro  Rat  Primary  Hepatocyte  UDS  assay,  PFDA  did  not 
induce  significant  changes  in  the  nuclear  labeling  of  rat  hepatocytes  over  a 
dose  range  of  5.5  to  44.0  mg/kg.  Three  male  P344  rats  were  treated  by  oral 
gavage  at  each  of  four  doses  with  the  test  material  suspended  in  corn  oil.  At 
15.3  to  15.7  h  after  treatment  with  the  test  material,  primary  hepatocyte 
cultures  were  prepared.  Viabilities  of  the  hepatocytes  obtained  ranged  from 
77.8  to  94.7%.  After  attachment,  the  cultures  were  incubated  with  10  ^Ci/mL 
^HTdr  (50  Ci/nmole)  for  4  h.  The  cultures  were  prepared  for  analysis  of 
nuclear  labeling  16.3  to  18.9  h  after  removal  of  the  radioactivity  and 
addition  of  0.25  mM  unlabeled  thymidine.  None  of  the  criteria  used  to 
indicate  UDS  were  approached  by  the  treatments  and  no  dose-related  response 
was  observed.  PFDA  was  therefore  evaluated  as  inactive  in  the  UDS  assay. 
Although  UDS  activity  was  not  observed  at  the  15  to  16-h  timepoint,  a 
significant  elevation  in  S-phase  DNA  synthesis  that  met  the  criteria  for  a 
positive  response  was  observed  and  addressed  as  part  of  the  S-phase  induction 
assay. 

In  the  In  Vivo/In  Vitro  Rat  Primary  Hepatocyte  DNA  Synthesis  (S-Phase) 
Induction  assay,  PFDA  induced  a  significant  increase  in  the  number  of  S-phase 
cells  over  a  dose  range  of  approximately  5.5  to  44.0  mg/kg.  At  least  three 
male  F344  rats  were  treated  by  oral  gavage  at  each  of  four  doses  with  the  teat 
material  suspended  in  corn  oil.  At  48.1  to  48.4  h  following  dosing,  primary 
hepatocyte  cultures  were  prepared  for  analysis  of  S-phase  synthesis. 
Viabilities  of  the  hepatocytes  prepared  for  S-phase  analysis  ranged  from  78.4 
to  94.5%.  After  attachment,  the  cultures  were  incubated  with  10  ;jCi/mL  ^HTdr 
(50  Ci/mmole)  for  4.0  to  4.1  h.  The  cultures  were  prepared  for  analysis  of 
labeling  16.8  to  18.8  h  after  removal  of  the  radioactivity  and  addition  of 
0.25  mM  unlabeled  thymidine.  A  statistically  significant  elevation  in  the 
level  of  S-phase  cells  was  observed  in  the  hepatocyte  cultures  prepared  from 
rats  receiving  11  and  22.0  mg/kg  of  teat  article.  At  both  doses  of  5.5  and 
44.0  mg/kg  only  a  single  animal  responded.  In  addition  to  the  positive 
responses  observed  at  the  48-h  timepoint,  a  significant  elevation  in  S-phase 
synthesis  was  also  observed  at  the  15  to  16-h  timepoint  at  ooses  of  11.0, 

22.0,  and  44.0  mg/kg.  PFDA  therefore  evaluated  as  active  in  the  In  Vivo/Xn 
Vitro  Rat  Hepatocyte  DNA  Synthesis  (S-Phase)  Induction  Assay. 


introduct:  .iN 

These  assays  were  designed  to  measure  unscheduled  DNA  synthesis  (UDS)  or 
S-phase  (replicative  DNA  synthesis)  in  rat  liver  ceils  using  the  techniques 
described  by  Williams  (1980).  Fresh  hepatocytes  obtained  from  rat  liver  will 
attach  to  a  surface  in  culture  and  continue  to  metabolize  for  several  days 
without  undergoing  cell  division.  Only  a  small  percentage  of  the  cells  will 
enter  S-ph.ise.  Therefore,  if  ^HTdr  is  introduced  into  the  culture  medium, 
little  or  no  label  will  be  incorporated  into  nuclear  DNA.  Pretreatment  of 
rats  with  a  test  material  that  interacts  with  the  DNA  will  stimulate  a  repair 
response  in  which  the  altered  portion  of  DNA  is  excised  and  the  missing  region 
replaced  by  DNA  synthesis.  This  synthesis  of  DNA  by  nondividing  cells  is 
known  as  UDS  and  can  be  measured  by  determining  the  amount  of  ^HTdr 
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incorporated  into  DNA.  This  measurement  of  DNA  repair  appears  to  correlate 
very  well  with  the  known  mutagenic  or  carcinogenic  activities  of  chemicals 
(Williams,  1980).  The  use  of  autoradiographic  techniques  affords  simultaneous 
measurements  of  UDS  and  S-phase  in  hepatocyte  cultures  because  S-phase  cells 
are  very  heavily  labeled  and  easily  distinguished  from  lightly  labeled  cells 
exhibiting  UDS.  Hepatotoxxcants  such  as  carbon  tetrachloride  and 
dinitrotoluene  induce  an  increase  in  cell  proliferation  to  replace  necrotic 
tissue  (Butterworth  et  al.,  1987;  Mirsalis  and  Butterworth,  1982).  Other 
compounds  may  induce  S-phase  synthesis  in  the  absence  of  hepatotoxicity. 

The  objective  of  this  assay  was  to  detect  DNA  damage  caused  by  the  test 
material,  or  an  active  metabolite,  by  measuring  UDS  or  S-phase  induced  in  rat 
primary  hepatocytes  in  vivo.  The  existence  and  degree  of  DNA  damage  was 
inferred  from  an  increase  in  net  nuclear  grain  (NNG)  counts  in  hepatocytes 
obtained  from  treated  animals  when  compared  to  those  from  untreated  animals. 
The  types  of  DNA  damage  are  unspecified  but  must  be  recognizable  by  the 
cellular  repair  system  and  result  in  the  incorporation  of  new  bases  (including 
^HTdr)  into  DNA  during  a  short  in  vitro  culture  period.  Quantitation  of  cells 
in  S-phase  has  been  shown  to  be  useful  for  the  evaluation  of  chemicals  that 
may  cause  increased  cell  proliferation  in  the  liver  (Butterworth  et  al., 

1987). 


MATERIALS  AND  METHODS 


Indicator  Calls 

The  indicator  cells  for  the  UDS  assay  were  hepatocytes  obtained  from 
adult  male  F344  rata  weighing  from  180. S  to  199.6  g,  purchased  from  Charles 
River  Breeding  Laboratories,  Incorporated.  The  animals  used  for  the  S-phase 
assay  were  obtained  from  the  same  supplier  and  weighed  from  180.0  to  203.9  g. 
The  animals  were  fed  Purina  Certified”  Rodent  Chow  (Formula  5002)  and  water  ad 
libitum.  Animals  were  identified  by  ear  tag  after  random  assignment  to  the 
study  and  were  quarantined  a  minimum  of  five  calendar  days  prior  to  use. 

Animals  were  anesthetized  prior  to  surgery  using  60  mg/kg  pentobarbital 
and  were  exsanguinated  during  the  liver  perfusion.  The  cells  were  obtained  by 
perfusion  of  the  livers  in  aitu  with  media  containing  type  II  collagenase. 
Monolayer  cultures  were  established  in  culture  dishes  and  were  used  the  s^une 
day  for  analysis  of  the  UDS  or  S-phase  activity.  All  cultures  were  maintained 
as  monolayers  at  37‘’c  in  a  humidified  atmosphere  containing  approx¬ 
imately  5%  CO2. 

Media 

The  cell  cultures  were  established  in  Williams'  Medium  E  supplemented 
with  10%  FBS,  2  mM  L-giutaunine,  100  pg/mL  streptomycin  sulfate,  and  150  pg/mL 
gentamycin  (WME+).  WME+  without  serum  is  referred  to  as  WMEI.  After  the 
establishment  period,  cultures  were  refed  with  WMEI  containing  10  pCi/mL 
^HTdr,  (WMEl-treat) . 

Controls 

A  vehicle  control  consisting  of  a  minimum  of  three  rats  treated  with 
corn  oil  by  oral  gavage  was  performed  in  all  cases  and  at  all  timepoints.  The 
dosing  volumes  did  not  exceed  2.03  mL/kg  (a  target  of  2.0  mL/kg  ±  10%). 

The  positive  control  article  used  is  known  to  induce  UDS  in  vivo  in  rat 
hepatocytes.  DMN,  delivered  by  ip  injection  at  approximately  15  mg/kg,  was 
used  for  the  UDS  timepoint.  For  the  S-phase  timepoint,  DMN  was  administered 
by  ip  injection  at  20  mg/kg. 
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Test  Article 

PFDA  (96%,  Lot  No.  1105M1)  was  obtained  from  the  U.S.  Air  Force.  The 
white  flake's  were  stored  in  th?:'  original  container. 

Dosing  Procedure 

For  both  the  UDS  and  S-pha^?  assays,  rats  were  treated  by  oral  gavage 
with  the  test  article  suspended  i:i  corn  oil  by  mechanical  homogenization. 

The  total  volume  of  the  teat  article  solution  administered  urd  not  exceed 
2.2  mL/kg  (target  of  2.0  mL/l'g  ±  10%).  DMN  was  solubilized  in  sterile 
deionized  water  and  dosed  as  described  pv-aviously.  Fresh  preparations  of  teat 
article  in  vehicle  were  used  for  all  testing  purposes. 

Dose  Selection  and  Perfusion  Tine 

For  the  UDS  assay,  the  highest  dose  sel(:;cted  was  44  mg/kg.  Three 
additional  doses  of  teat  material  were  prepared  using  approximate  2-fold 
dilutions  and  a  minimum  of  3  animals  per  dose.  The  timepoint  for  harvesting 
hepatocytes  for  ti.a  UDS  assay  was  IS. 3  to  15.7  h  after  the  administration  of  a 
single  dose  of  tne  test  article  by  oral  gavage. 

A  dose  of  44  mg/kg  was  selected  as  the  maximum  dose  for  the  S-phase 
induction  assay.  Three  additional  doses  of  test  material  were  prepared  using 
approximate  2-fold  dilutions  and  a  minimum  of  3  animals  per  dose.  S-phase 
analysis  was  performed  at  48.1  to  48.4  h  after  the  administration  of  a  single 
dose  of  the  test  article  by  oral  gavage. 

UDS  and  S-Phase  Assays 

These  assays  were  based  on  the  procedures  described  by  Williams  (1980), 
Mirsalis,  Tyson,  and  Butterworth  (1982),  and  Butterworth  et  al.,  (1987).  The 
hepatocytes  for  both  assays  were  obtained  by  perfusion  of  livers  in  situ  for 
two  to  four  min  with  Hanks'  balanced  salts  (Ca'*^'*’  -  Mg''"*’-free)  containing 
0.5  mM  ethyleneglycol-bis  (fl-aminoethyl  ether)-N,  N-tetraacetic  acid,  and 
HEPES  buffer  at  pH  7.2.  Following  this,  WMEI  containing  50-100  U/mL  of  Type 
II  co] lagenase  was  perfused  through  the  liver  for  10  to  11  min.  The 
hepatocyteo  were  obtained  by  mechanical  dispersion  of  excised  liver  tissue  in 
a  culture  dish  containing  the  WMEI  culture  medium  and  collagenase.  The 
suspended  tissue  and  cells  were  allowed  to  settle  to  remove  cell  clumps  and 
debris.  The  cell  suspension  was  centrifuged  and  the  cell  pellet  resuspended 
in  WME+.  After  obtaining  a  viable  cell  count,  a  series  of  35-tnm  culture 
dishes  (at  least  6  per  animal  containing  a  25-mm  round,  plastic  coverslip  and 
at  least  2  per  animal  to  assess  attachment  efficiency)  was  inoculated  with 
approximately  0.5  x  10^  viable  cells  in  3  mL  of  WME+  per  dish. 

An  attachment  period  of  1.5  to  2  h  at  37®C  in  a  humidified  atmosphere 
containing  5%  CO2  was  used  to  establish  the  cell  cultures.  Unattached  cells 
were  then  removed  and  the  cultures  were  refed  with  2.5  mL  WME-treat.  Any 
remaining  cultures  were  kept  for  analysis  in  the  event  of  technical  problems 
with  autoradiography,  Jtt&chment  efficiency  was  determined  for  two  cultures 
from  each  animal  using  t.'y;ian  blue  dye  exclusion  and  in  situ  analysis. 

After  a  labeling  pi-riod  of  4  h  labeled  cultures  were  refed  with  WMEI 
containing  0,25  mM  unlabeled  thymidine.  The  cells  were  returned  to  the 
incubator  for  16  to  20  h.  After  the  incubation  period,  the  hepatocyte  nuclei 
were  swollen  by  addition  of  1%  sodium  citrate  to  the  coverslips  (containing 
the  cell  monolayers)  for  10  min.  The  cells  were  fixed  in  acetic  acid:ethanol 
(1:3)  and  dried  for  at  least  24  h.  The  fixed  coverslips  were  mounted  on  glass 
slides,  dipped  in  Kodak  NTB2  emulsion,  and  dried.  The  emulsion  coated  slides 
were  stored  for  seven  days  (fer  UDS  assay)  or  eight  days  (for  S-Phase  assay) 
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at  A°C  in  light-tight  boxes  containing  Drierite.  The  emulsions  were  then 
developed  in  D19,  fixed,  and  stained  with  Williams’  modified  hematoxylin  and 
eosin  procedure. 

For  the  UDS  assay  the  cells  were  examined  microscopically  at 
approximately  ISOOx  magnification  under  oil  immersion  and  the  field  was 
displayed  on  the  video  screen  of  an  automatic  counter.  UDS  was  measured  by 
counting  nuclear  grains  and  subtracting  the  average  number  of  grains  in  three 
nuclear-sized  areas  adjacent  to  each  nucleus  (background  count).  This  value 
is  referred  to  as  the  NNG  count.  The  coverslips  were  coded  to  prevent  bias  in 
grain  counting. 

The  NNG  count  was  determined  for  fifty  randomly  selected  cells  on  each 
coverslip  analyzed  for  UDS,  unless  otherwise  indicated.  The  cells  were 
counted  by  positioning  the  slide  under  the  microscope  in  the  upper  right 
section  of  the  slide  and  noting  the  vertical  vernier.  The  first  ten 
analyzable  cells  were  counted  moving  the  field  to  the  left.  After  counting 
tan  cells,  the  slide  was  moved  vertically  to  another  position  and  counting 
resumed.  This  process  was  repeated  until  fifty  cells  on  the  slide  were 
counted.  Only  nuclei  that  appeared  normal  were  scored,  and  any  occasional 
nuclei  blackened  by  grains  too  numerous  to  count  were  excluded  as  cells  in 
which  replicative  DMA  synthesis  occurred  rather  than  repair  synthesis.  The 
mean  NNG  count  was  determined  from  triplicate  coverslips  (150  total  nuclei) 
for  each  animal  and  from  at  least  two  animals  per  treatment  condition. 

Cells  undergoing  DNA  replication  were  easily  distinguished  from 
nonreplicating  ceils  in  autoradiogvaphic  preparations.  For  the  S-phase  time 
point  (48  h),  the  percentage  of  cells  in  S-phase  (%S)  was  calculated  manually 
as  those  cells  exhibiting  nuclei  blackened  by  grains  too  numerous  to  count. 

At  least  2000  cells  were  counted  from  randomly  selected  areas  of  each  slide. 

'>  Replicating  and  nonreplicating  cells  were  counted  separately  using  a 

two-position  hand  counter.  For  each  dose,  6000  cells  were  scored  for  each  of 
3  animals  (18,000  total  cells  per  dose),  unless  indicated  otherwise. 

RESULTS  AND  DISCUSSION 

UDS  Assay 

PFDA  was  suspended  in  corn  oil  at  concentrations  ranging  from  2.85  to 
22.3  mg/mL.  Each  dose  for  the  UDS  assay  (with  the  exception  of  the  5.50  mg/kg 
dose)  was  prepared  by  two-fold  aerial  dilutions  with  corn  oil  after 
preparation  of  an  initial  stock  solution  of  22.3  mg/mL.  The  test  material 
formed  a  suspension  of  heterogeneous  flakes  in  the  vehicle  and  was  therefore 
mechanically  homogenized  prior  to  dilution  or  dosing.  Groups  of  three  rats 
were  each  dosed  with  44.0,  22.0,  11.0,  and  5.50  mg/kg  by  oral  gavage  in 
volumes  which  did  not  exceed  2.2  ml /kg. 

Perfusions  were  initiated  15.3  to  15.7  h  after  administration  of  a 
single  dose  of  the  test  article  by  oral  gavage.  The  hepatocytes  collected  for 
the  UDS  assay  ranged  in  viability  (determined  by  trypan  blue  exclusion)  from 
77.8  to  94.7%  of  the  total  cells  collected  in  the  perfusate  (Table  6-1).  The 
attachment  efficiency  varied  from  59.3  to  90.0%  and  the  viability  of  the 
attached  cells  was  very  good,  ranging  from  84.8  to  95.5%. 

The  minimum  criteria  for  a  UDS  response  were  determined  by  comparison 
with  the  average  of  the  concurrent  vehicle  control  treatments.  A  positive 
response  consisted  of  mean  net  nuclear  grain  counts  exceeding  5.73  (5  above 
the  average  net  grains  of  0.73)  or  at  least  20.5%  of  the  nuclei  containing  5 
or  more  grains  (10%  above  the  average  of  10.5%).  None  of  the  treatments  with 
the  test  material  samples  caused  nuclear  labeling  significantly  different  from 
the  vehicle  control  (Table  6-2).  Furthermore,  no  dose-related  trend  was 
evident.  In  contrast,  the  DMN  treatments  induced  a  large  increase  in  nuclear 
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labeling  that  exceeded  both  criteria  used  to  indicate  UDS  (See  Appendix  6-A). 
Because  the  positive  control  animals  were  responsive  to  DMN,  the  test  results 
were  considered  to  provide  conclusive  evidence  for  the  lack  of  UDS  induction 
by  the  test  material  samples. 

Heavily  labeled  nuclei  (blackened  with  numerous  grains)  represent  cells 
undergoing  DNA  replication  as  opposed  to  DNA  repair.  The  number  pres  ant  in 
the  controls  in  the  UDS  study  was  low  and  did  not  interfere  with  the  assay. 
Only  38  cells  (0.42%)  among  the  9000  control  cells  screened  in  the  assay  were 
heavily  labeled. 

TABLE  6-1.  SUMMARY  OF  CULTURE  DATA  FOR  HEPATOCYTES  FROM  RATS*  TREATED  WITH 

PFDA  (16-HOUR  TIMEPOINT) 


Target  Dose 

(■g/kg) 


Aaiaal 

Number 


Perfusion 

Viability 

(*) 


Attachment 

Efficiency 

(*> 


Attachment*' 

Viability 

<%) 


vc° 

3315 

89.3 

82.5 

92.9 

VC 

3325 

84.4 

69.7 

88.1 

VC 

3332 

90.6 

73.4 

91.3 

DMN^ 

3320 

77.8 

73.6 

90.8 

DMN 

3326 

91.6 

66.3 

91.2 

DMN 

3329 

83.3 

59.3 

89.0 

5.50 

3319 

88.0 

71.4 

90.2 

5.50 

3321 

93.4 

66.1 

93.5 

5.50 

3327 

89.9 

72.0 

92.3 

11.0 

3316 

89.2 

68.1 

84.8 

11.0 

3317 

89.9 

72.9 

88.1 

11.0 

3330 

92.3 

70.1 

93.2 

22.0 

3318 

94.7 

72.9 

95.5 

22.0 

3328 

85.2 

71.1 

89.6 

22.0 

3331 

94.2 

64.6 

95.2 

44.0 

3322 

88.0 

76.5 

87.0 

44.0 

3323 

80.8 

64.5 

85.2 

44.0 

3324 

83.5 

90.0 

95.0 

Three  animals  per  dose  were  treated. 

Results  based  on  viable  counts  (trypan  blue  dye  exclusion)  of  randomly 


selected  areas  on  two  plates. 

^  VC  «  Vehicle  Control  (corn  oil,  2  tnL/kg). 
DMN  ■  Dimethylnitrosamine  15  mg/kg). 


XABU  6-2.  UDS  DMA  SUMMARY  FOR  HEPATOCYTES  FROM  RMS* 
TREATED  WITH  PFOA  (16-HOUR  TIMEPOZMT) 


Target  Dose 
(■9/ltg) 

Aaiaal 

Number 

Net  Nuclear 
Grains  t  SO^ 

Mean 

Cyto 

Grains* 

t  Nuclei  with 

25  Net  Grains* 

%  S** 

VC* 

3315 

0.28 

±  0.26 

5.68 

4.7 

0.47 

VC 

3325 

0.19 

±  0.68 

6.50 

8.0 

0.13 

VC 

3332 

1.87 

i  0.19 

6.31 

18.7 

0.93 

DMN^ 

3320 

8.67 

±  1.05 

5.98 

73.3 

0.27 

DMN 

3326 

10.44 

±  0.50 

5.51 

72.7 

0.20 

DMN 

3329 

6.01 

±  0.46 

5.96 

57.3 

0.53 

5.50 

3319 

-1.05 

±  0.08 

7.95 

0.0 

0.40 

5.50 

3321 

-0.37 

±  0.31 

10.59 

7.3 

2.13* 

5.50 

3327 

0.62 

±  0.23 

9.62 

10.0 

0.73 

11.0 

3316 

-0.51 

±  0.05 

8.69 

2.0 

2.80* 

11.0 

3317 

0.09 

±  0.99 

10.07 

8.7 

1.47* 

11.0 

3330 

-0.62 

±  0.24 

8.06 

1.3 

0.93 

22.0 

3318 

-0.32 

i  1.16 

8.57 

8.0 

1.80* 

22.0 

3328 

-1.17 

±  0.27 

8.47 

2.0 

3.00* 

22.0 

3331 

-0.77 

±  0.28 

10.23 

0.7 

4.93* 

44.0 

3322 

0.93 

±  0.57 

7.63 

14.7 

1.60* 

44.0 

3323 

1.17 

t  0.22 

10.51 

16.0 

2.67 

44.0 

a  — 

3324 

1.12 

1  0.00 

6.94 

10.0 

1.40* 

Average  of  NNG  counts  on  triplicate  coverslipa  (150  total  cells),  t  standard 
deviation  between  coverslips. 

Average  values  for  triplicate  coverslips. 

Percent  of  S-phase  nuclei  on  triplicate  coverslips  (1500  total  cells  scored) 
VC  «  Vehicle  control  (corn  oil,  2  mL/kg) . 

DMN  ■  Diraethylnitrosamine  (15  mg/kg). 

Statistically  significant  difference  compared  to  the  average  of  the  pooled 
vehicle  controls  p  <  0.05. 


S-Phase  Assay 

PFDA  was  suspended  in  corn  oil  at  concentrations  ranging  from  2.81  to 
22.6  mg/mL.  All  dosing  stocks  for  the  S-phase  analysis  were  prepared 
individually,  just  prior  to  use.  In  order  to  determine  the  amount  of  cell 
proliferation  induced  by  the  test  material,  three  rats  per  dose  were 
sacrificed  at  48.1  to  43.4  h  after  a  single  doses  of  44.0,  22.0,  11.0,  and  5.5 
mg/kg  was  administered. 

The  hepatocytes  collected  for  S-phase  analysis  ranged  in  viability 
(determined  by  trypan  blue  exclusion)  from  78.4  to  94.5%  of  the  total  cells 
collected  in  the  perfusate  (Table  6-3).  The  attachment  efficiency  varied  from 
56.9  to  84.8%  and  the  viability  of  the  attached  cells  was  very  good,  ranging 
from  83.1  to  96.6%. 
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XHBLI  S-3.  COLIUHK  DATA  SDMMART  rOR  HEPAIOCY7ES  FROM  RATS* 
TRJBATEO  WITH  PFOA  (48-HOUR  TIMEPOINT) 


Target  Dose 
(mg/kg) 

Anieal 

Number 

Perfusion 

Viability 

(*) 

Attacha«at" 

Bfficisncy 

(*) 

Attachaent" 

Viability 

<%) 

VC® 

3338 

89.6 

59.6 

89.4 

VC 

3343 

88.5 

64.8 

87.3 

VC 

3346 

82.2 

65.5 

91.5 

DMN** 

3337 

89.5 

74.3 

92.5 

DMN 

3340 

87.3 

72.0 

90.4 

DMN 

3348 

78.4 

64.7 

93.4 

5.50 

3336 

90.0 

57.8 

93.9 

5.50 

3342 

88.6 

71.2 

92.0 

5.50 

3344 

94.5 

68.6 

92.4 

11.0 

3334 

92.3 

48.5 

92.1 

11.0 

3339 

91.2 

74.2 

93.5 

11.0 

3349 

87.8 

70.2 

91.2 

22.0 

3333 

88.7 

84.8 

88.3 

22.0 

3347 

86.8 

70.4 

83.1 

22.0 

3350 

89.7 

62.3 

96.6 

44.0 

3335 

91.9 

83.6 

92.9 

44.0 

3341 

92.6 

68.4 

94.3 

44.0 

3345 

91.3 

56.9 

90.8 

*  Three  animals  per  dose  were  treated. 

^  Results  based  on  viable  counts  (trypan  blue  dye  exclusion)  of  randomly 


selected  areas  on  two  plates. 

VC  ■  Vehicle  Control  (corn  oil,  2  mL/kg) . 

**  DMM  «■  Dimethylnitrosamine  20  mg/kg). 

A  significant  increase  in  S-phase  DNA  synthesis  was  determined  by 
comparison  with  the  average  of  the  pooled  vehicle  control  treatments.  The 
test  article  was  considered  positive  for  replicative  DNA  synthesis  because  the 
percentage  of  cells  in  S-phase  for  all  animals  at  22.0  mg/kg  and  11.0  mg/kg 
was  significantly  greater  than  the  average  number  in  the  vehicle  control 
cultures  (Table  6-4).  Significance  was  determined  using  a  Student’s  t-test 
modified  for  unpaired  observations  with  unequal  variances  when  an  F-test 
performed  on  the  means  determined  that  the  variances  were  unequal.  A  standard 
t-test  was  used  when  the  variances  were  equal.  The  increase  in  DNA  synthesis 
appeared  to  be  related  to  dose  with  the  greatest  increase  occurring  at  22.0 
mg/kg.  At  both  the  highest  dose  (44.0  mg/kg)  and  the  lowest  dose  (5.50  mg/kg) 
a  single  animal  responded  suggesting  that  variability  in  S-phase  response 
might  be  related  to  toxicity  of  treament.  A  significant  elevation  in  S-phase 
synthesis  was  observed  in  cells  obtained  from  the  positive  control  animals 
(DMN  20  mg/kg).  The  results  provided  evidence  of  the  of  induction  of  S-phase 
by  the  test  article  treatments  at  the  48-hour  timepoint. 
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A  significant  elevation  in  S-phase  synthesis  was  observed  in  treated 
animals  sacrificed  at  the  15-h  timepoint.  During  UDS  analysis,  SOO  cells  per 
slide  (1500  cells  per  animal)  were  observed  for  S-phase.  The  elevation  in 
S-phase  synthesis  was  significant  in  comparison  with  the  pooled  vehicle 
control  values  in  all  animals  receiving  the  22.0  mg/ko  dose.  At  both  44.0 
mg/kg  and  11.0  mg/kg,  two  of  three  animals  responded.  The  response  of  the 
third  animal  at  44.0  mg/kg  was  not  considered  significant  and  may  have  been 
due  to  the  variability  between  the  three  slides.  S-phase  response  at  this 
time  may  indicate  early  induction  of  toxicity  leading  to  a  proliferative 
response  or  may  be  due  to  a  mitogenic  stimulus.  The  results  provide  evidence 
of  induction  of  S-phase  by  the  test  article  treatment  at  the  IS-h  timepoint. 

TABLE  6-4.  S-PHASE  DATA  FOR  HEPATOCTES  FROM  RATS* 

TREATED  WITH  PFDA 


Target  Dose 

(■g/kg) 

Aniauil 

Number 

Total" 

S-Pbaae 

Total  Calls 
Analysed 

%  S-Pbase  ±  8D 

3346 

24 

6000 

0.40 

± 

0.22 

VC 

3343 

25 

6000 

0.42 

i 

0.06 

DMN** 

3340 

110 

6000 

1.83 

i 

0.53* 

DMN 

3337 

127 

6000 

2.12 

± 

0.98* 

DMN 

3348 

55 

6000 

0.92 

t 

0.13* 

5.50 

3344 

88 

6000 

1.47 

± 

0.38* 

5.50 

3342 

53 

6000 

0.88 

i 

0.35 

5.50 

3336 

24 

6000 

0.40 

i 

0.18 

11.0 

3349 

143 

6000 

2.38 

t 

0.95* 

11.0 

3339 

84 

6000 

1.40 

i 

0.22* 

11.0 

3334 

70 

6000 

1.17 

t 

0.44* 

22.0 

3347 

160 

6000 

2.67 

t 

0.64* 

22.0 

3333 

137 

6000 

2.28 

i 

0.44* 

22.0 

3350 

100 

6000 

1.67 

i 

0.81* 

44.0 

3335 

32 

6000 

0.53 

t 

0.08 

44.0 

3341 

39 

6000 

0.65 

± 

0.18 

44.0 

3345 

87 

6000 

1.45 

t 

0.13* 

®  Three  animala  per  dose  were  treated. 

Triplicate  coverslips,  2000  cells/coverslips. 

^  VC  »  Vehicle  control  (2  ml/kg  of  corn  oil). 

DMN  -  Dimethylnitrosamine  (20  mg/kg). 

•  Statistically  significant  difference  compared  to  the 

average  of 

the  pooled 

vehicle  controls  p<0.05. 

CONCLUSIONS 

PFDA  did  not  induce  significant  changes  in  the  UDS 

-associated  nuclear 

labeling 

of  rat 

primary  hepatocytes  for 

a  dose  range  of 

about  5.S 

•  to 

44.0  mg/ kg  and 

was  therefore 

evaluated 

as  inactive  in  the  In  Vivo/In  Vitro  Rat 

Primary  Hepatocyte  UDS  assay. 
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A  aignificant  S-phaaa  'reaponse  waa  obaervad  in  all  animala  traated  with 
the  taat  artlcla  at  doaea  of  22.0  mg/kg  and  11.0  mg/kg  at  both  tha  15-hour  and 
48-hour  treatmant  times.  PFDA  was  therefore  evaluated  as  active  in  the  In 
Vivo/In  Vitro  S-Phaae  Induction  assay. 
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APPENDIX  6-A 


ASSAY  ACCEPTANCE  AND  EVALUATION  CRITERIA 
Assay  Acceptance  Criteria 

An  assay  normally  will  be  considered  acceptable  for  evaluation  of  the 
test  results  only  if  all  of  the  criteria  listed  below  are  satisfied.  This 
listing  may  not  encompass  all  test  situations,  so  scientific  judgment  must  be 
exercised  in  modifying  the  criteria  or  considering  other  causes  that  might 
affect  assay  reliability  and  acceptance. 

1.  The  viability  of  the  hepatocytes  collected  from  the  perfusion 
process  normally  exceeds  70%.  A  variety  of  factors  can  affect  cell 
yield  and  viability,  so  values  below  70%  are  not  uncommon  nor 
necessarily  detrimental.  Toxicity  of  treatment  with  test  article  may  be 
reflected  in  perfusion  viability,  therefore  no  lower  limit  will  be  set. 

2.  The  viability  of  the  monolayer  cell  cultures  used  for  the  assay  must 
be  70%  or  greater.  Normally,  the  viability  of  attached  cells  is  about 

8S%. 

3.  The  positive  control  is  used  to  demonstrate  that  the  cell  population 
employed  was  responsive  and  the  methodology  was  adequate  for  the 
detection  of  UDS  or  s-phase.  For  test  materials  causing  weak  or  no  UDS 
activity,  the  average  response  to  the  positive  control  treatments  must 
exceed  either  criteria  used  to  indicate  UDS.  The  positive  control  for 
S-phase  must  have  greater  than  1%  of  the  cells  in  scheduled  DNA 
synthesis.  For  teat  materials  clearly  causing  a  dose-related  UDS 
activity  or  S-phase  activity,  an  assay  will  be  acceptable  in  the  absence 
of  a  positive  control  lost  for  technical  reasons.  Historical  values  for 
the  UDS  positive  control  are  NNG  »  8.79  ±  3.92  (range,  1.55  to  15.40) 
and  %  2  5  grains  per  nucleus  >  62.7%  ±  18.2%  (range  20.7%  to  89.7%). 
Historical  control  values  for  the  UDS  negative  control  are  NNG  >  -0.54 

±  0.50  (range,  -1.74  to  0.12)  and  %  2  5  grains  per  nucleus  »  1.4%  t  1.7% 
(range  0.0%  to  6.7%). 

4.  Grain  count  data  obtained  per  animal  is  acceptable  as  part  of  the' 
evaluation  if  obtained  from  two  replicate  cultures  and  at  least 

50  nuclei  per  culture  for  UDS  or  2000  cells  per  culture  for  S-phase. 

Data  should  be  available  from  2  of  the  3  animals  treated. 

5.  A  minimum  of  three  doses  will  be  analyzed  for  nuclear  grain  counts. 
Repeat  trials  need  only  augment  the  number  of  analyzed  doses  in  the 
first  trial  to  achieve  a  total  of  3  concentrations,  but  must  include  one 
dose  previously  analyzed  as  acceptable. 


Assay  Bvalustioa  Crltarla 
UDS  Assay 

Several  criteria  have  been  established  which,  if  met,  provide  a  basis 
for  evaluation  of  a  teat  material  as  active  in  the  UDS  assay.  The  criteria 
for  a  positive  response  are  based  on  a  statistical  analysis  of  the  historical 
control  data  as  described  by  Casciano  and  Gaylor  (1983).  The  test  material  is 
considered  active  in  the  UDS  assay  at  doses  that  cause  the  following. 

1.  An  increase  in  the  mean  net  nuclear  grain  count  to  at  least  five 
grains  per  nucleus  above  the  concurrent  vehicle  control  value  leading  to 
a  positive  number,  and/or; 

2.  An  increase  in  the  number  of  nuclei  having  five  or  more  net  grains 
such  that  the  percentage  of  these  nuclei  in  test  cultures  is  10%  above 
the  concurrent  vehicle  control  cultures. 

Generally,  if  the  first  condition  is  satisfied,  the  second  will  also  be 
met.  iowever,  satisfaction  of  only  the  second  condition  can  also  indicate  UDS 
activity.  Different  DNA-damaging  agents  can  give  a  variety  of  nuclear 
labeling  patterns,  and  weak  agents  may  strongly  affect  only  a  minority  of  the 
cells.  Therefore,  both  of  the  above  conditions  are  considered  in  an 
evaluation.  In  cases  where  increases  are  not  observed  in  all  three  animals, 
the  test  material  will  be  considered  active  for  that  condition  if  cellu  from 
two  of  the  three  animals  show  increases.  If  the  negative  control  shows  an 
average  less  than  -5  or  more  than  one  grain  per  nucleus,  the  assay  will 
normally  be  considered  invalid. 

The  teat  material  is  considered  inactive  in  this  assay  if  the  following 
is  true. 

1.  The  mean  net  nuclear  grain  counts  for  all  dosed  groups  is  <  1.0  net 
nuclear  grain  count  above  the  concurrent  vehicle  control  value  and/or; 

2.  The  percent  of  nuclei  with  five  or  more  net  grains  does  not  increase 
more  than  2%  above  the  concurrent  vehicle  control. 

When  results  are  neither  clearly  positive  nor  clearly  negative,  the 
presence  of  a  dose  response,  the  frequency  distribution  of  cellular  responses, 
and  the  reproducibility  of  data  among  animals  is  considered;  the  test  article 
is  then  classified  as  "negative",  "weak  positive",  or  "equivocal".  Groups  in 
which  one  of  three  animals  shows  increases  in  labeling  will  be  decided  on  a 
case  by  case  basis  depending  on  the  level  of  activity  in  cells  from  the  active 
animal,  the  level  of  activity  in  cells  from  the  inactive  animals  and  the 
presence  or  absence  of  activity  in  surrounding  groups. 

The  positive  control  nuclear  labeling  is  not  used  as  a  reference  point 
to  estimate  mutagenic  or  carcinogenic  risk  associated  with  the  UDS  activity  of 
the  test  material.  UDS  elicited  by  teat  agents  in  this  assay  is  probably  more 
dependent  on  the  type  of  DNA  damage  inflicted  and  the  available  repair 
mechanisms  than  on  the  potency  of  the  test  agent  as  a  mutagen  or  carcinogen. 
Some  forms  of  DNA  damage  are  repaired  without  the  incorporation  of  new  nucleic 
acids.  Thus,  the  positive  controls  are  used  to  demonstrate  that  the  cell 
population  employed  was  responsive  and  the  methodology  was  adequate  for  the 
detection  of  UDS. 
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S-Phaa«  Induction  Assay 

The  test  article  will  be  considered  positive  in  the  S-phase  induction 
assay  if  the  %S  in  cells  from  all  animals  in  a  group  is  significantly  greater 
than  the  pooled  vehicle  control  and  exceeds  1%  of  the  population. 

Significance  will  be  determined  using  Student's  t-test  for  unpaired 
observations  modified  for  unequal  variances  when  an  F-test  performed  on  the 
data  indicates  that  the  variances  were  unequal.  A  standard  t-test  will  beused 
when  the  variances  are  equal. 

The  test  article  will  be  considered  negative  if  the  %  S  for  ail 
treatment  groups  is  <  1.0%  of  the  population  (historical  negative  controls 
have  <  1%  of  the  cells  undergoing  DMA  replication).  The  data  base  for  S-phase 
is  not  extensive  and  some  judgement  may  be  needed  in  the  evaluation  of  a 
response. 
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SECTION  7 


IS  VITRO  TRANSFORMATION  OF  BALB/C-3T3  CELLS 
WITH  AND  WITHOUT  S9  ACTIVATION  OF  PFOA 

B.C.  Myhr 


ABSTRACT 

PFDA  was  assayed  for  its  ability  to  induce  morphological  cell 
transformation  in  BALB/C-3T3  cell  cultures  in  the  absence  and  presence  of  a 
rat  liver  S9  metabolic  activation  system.  Two  independent  assays  were 
performed  v;ithout  metabolic  activation  and  three  were  performed  in  the 
presence  of  metabolic  activation.  The  treatment  period  was  72  h  without 
activation  and  4  h  in  the  presence  of  S9  metabolic  activation.  In  the  absence 
of  an  S9  metabolic  activation  system,  six  doses  ranging  from  40  to  140  /jg/mL 
were  initiated  in  two  trials.  The  toxicity,  determined  from  the  clonal 
survival  of  ouabain-resistant  cells  in  the  presence  of  a  wildtype  monolayer, 
ranged  from  essentially  nondetectable  to  100%.  The  number  of  transformed  foci 
in  the  PFDA-treated  cultures  did  not  change  significantly  from  the 
corresponding  negative  controls.  In  the  presence  of  S9  metabolic  activation, 
a  shift  in  toxicity  was  observed  and  treatments  from  50  to  650  pg/mL  were 
initiated.  In  the  first  complete  trial  analyzed,  a  sharp  toxicity  curve 
resulted  in  no  cultures  with  cells  in  the  10%  to  50%  survi'^al  range.  For  this 
reason,  two  more  trials  were  performed.  The  results  from  these  trials  showed 
a  good  range  of  toxicities  that  included  several  doses  in  the  appropriate 
toxicity  range.  None  of  the  cultures  treated  with  PFDA  resulted  in  a 
significant  increase  in  transformed  foci  in  any  of  the  three  trials.  PFDA  was 
therefore  evaluated  as  negative  for  the  induction  of  morphological 
transformation  in  BALB/C-3T3  cell  cultures. 

INTRODUCTION 

BALB/C-3T3  mouse  cells  multiply  in  culture  until  a  uniform  monolayer  is 
achieved  and  then  cease  further  division  (Kakunaga,  1973;  Rundell,  1984b). ^ 
These  nontransformed  cells,  if  injected  into  immunosuppressed  mice  (1  x  10 ' 
cells/animal),  do  not  produce  neoplastic  tumors  (Kakunaga,  1973;  Rundell  et 
al.,  1983;  Rundell,  1984a).  However,  BALB/C-3T3  cells  treated  in  vitro  with 
some  chemical  carcinogens  give  rise  to  foci  of  morphologically  altered  cells 
superimposed  on  the  contact-inhibited  cell  monolayer.  If  foci  picked  from 
cell  cultures  are  grown  to  larger  cell  numbers  and  are  injected  into 
immunosuppressed  mice,  a  malignant  tumor  will  be  obtained  in  most  cases. 

Thus,  the  appearance  of  foci  of  altered  cells  is  correlated  with  malignant 
transformation. 

The  ability  of  BALB/C-3T3  cells  to  metaDolize  test  articles  from  various 
chemical  classes  can  be  enhanced  by  the  addition  of  an  exogenous  S9  metabolic 
activation  system  to  the  cultures  during  the  treatment  period.  However,  the 
standard  treatment  period  of  72  h  is  reduced  to  only  4  h  because  of  S9 
toxicity  and  the  degradation  of  the  NADPH-dependent  microsomal  enzyme  system, 
eo  this  assay  modification  may  not  always  detect  procarcinogens.  The 
procarcinogen,  DMN,  does  not  transform  BALB/C-3T3  cells  in  the  absence  of  S9 
(Rundell  et  al.,  1983),  but  DMN  treatments  with  the  S9  activation  system 
usually  induce  a  statistically  significant  increase  in  the  frequency  of 
transformed  foci  (Matthews  and  Rundell).  Similarly,  S9-dependent  induction  of 
transformed  foci  by  DMN  has  been  reported  for  another  mouse  line  (Tu  at  al., 
1984) . 
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An  appropriate  dose  range  for  toxic  test  articles  is  selected  by  a  novel 
method  for  determining  clonal  survival  under  the  mass  culture  conditions  o2 
the  transformation  assay.  Normal  BAL3/C-3T3  cells  are  sensitive  to  the  cell 
membrane  poison,  ouabain,  and  are  quickly  killed.  However,  a  mutant 
BAIiB/c-3T3  cell  line  has  been  established  that  is  ouabain-resistant  but 
otherwise  as  sensitive  to  test  articles  as  the  parent  (wildtype, 
ouabain-sensitive  pells).  When  a  few  (eg.,  600)  ouabain-resistant  cells  are 
mixed  with  a  large  number  of  wiidtype  cells  (eg.,  7  x  10^  cells),  the  clonal 
survival  of  the  ouabain-resistant  cells  can  be  determined  by  the  addition  of  4 
mM  ouabain  to  the  culture  medium  after  the  treatment  period.  In  this  manner, 
the  test  article  toxicity  is  determined  under  the  same  cellular  exposure 
conditions  that  will  occur  in  the  transformation  assay  mass  cultures. 

The  objective  of  this  assay  was  to  evaluate  PFDA  for  its  ability  to 
induce  the  malignant  transformation  of  cultured  BALB/C-3T3  mouse  cells  in  the 
absence  and  presence  of  a  rat  liver  S9  metabolic  activation  system. 
Transformation  has  been  defined  as  a  dense,  piling  up  of  morphologically 
altered  cells,  called  a  focus,  superimposed  on  a  monolayer  of 
contact-inhibited  cells  (Heidelberger  et  al.,  1983;  Rundell,  1984a;b). 

MATERIALS  AND  METHODS 

Indicator  Calls 

Clone  1-13  of  BALB/C-3T3  mouse  cells  was  obtained  (Kakunaga,  1973).  A 
subclone  of  these  cells  with  a  low  spontaneous  frequency  of  transformants  was 
used  for  this  study.  Stocks  of  cells  were  maintained  in  liquid  nitrogen  and 
were  checked  to  ensure  the  absence  of  Mycoplasma  conteimination.  Laboratory 
cell  cultures  were  grown  in  Eagle's  minimum  essential  medium  (EHEM) 
supplemented  with  FBS,  L-glutamine,  and  antibiotics. 


Controls 

The  negative  control  (also  referred  to  as  the  solvent  control)  was  EMEM 
culture  medium  containing  DMSO  (0.25%  v/v).  In  addition,  for  the  S9 
activation  assay,  the  S9  activation  system  was  added  to  the  medium. 

A  known  carcinogen,  MCA,  was  used  at  a  concentration  of  2.5  pg/taL  as  a 
positive  control  for  the  transformation  of  BALD/C-3T3  cells  in  the  absence  of 
S9.  A  second  known  carcinogen,  DMN,  was  used  as  the  positive  control  for  the 
transformation  of  BALB/C-3T3  cells  in  the  presence  of  S9  activation.  DMN 
requires  activation  by  S9  microsomal  enzymes  to  become  transforming,  and  two 
concentrations  of  DMN  (1  and  2  ;iL/mL)  were  chosen  to  demonstrate  a  significant 
response  for  at  least  one  concentration  of  DMN. 


Test  Material 

The  test  material,  PFDA,  was  a  white  crystalline  solid  that  formed 
flakes  and  was  electrostatic.  It  was  stored  at  room  temperature  in  its 
original  glass  container  in  a  chemical  cabinet. 


S9  Metabolic  Activation  System 

A  9000  X  g  supernatant  fraction  (Ames  et  al.,  1984)  prepared  from  the 
liver  of  Aroclor  1254-induced  Sprague-Dawley  male  rats  was  purchased  from 
Molecular  Toxicology  Inc.  The  S9  was  prescreened  and  selected  for  relatively 
low  toxicity  to  BALB/C-3T3  cells  and  for  the  conversion  of  DMN  to  toxic 
metabolites.  The  concentration  of  S9  selected  for  the  assay  was  40  pL/mL  that 
corresponded  to  1.5  mg  S9  protein/mL  in  the  treatment  medium. 

The  S9  activation  components  included  a  NADPH  regenerating  syst'^m 
composed  of  NADP  and  isocitric  acid  in  the  presence  of  S9.  The  final 
concentration  of  the  components  in  the  treatment  medium  was  approximately  236 
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(jg/tttL  of  NADP  (Bodtura  salt)  and  approximately  1552  /jg/mL  of  isocitrate.  The 
regenerating  system  solution  was  prepared  fresh  as  a  4X  stock  solution  in 
culture  medium  and  was  combined  with  an  equal  volume  of  diluted  S9  to  give  a 
2X  S9  mix.  The  mix  \  as  held  on  ice  until  used  in  the  assay. 

Test  Material  Preparation 

PFDA  was  soluble  in  DMSO  up  to  a  concentration  of  400  wg/mL.  The 
primary  stocks  for  the  cytotoxicity  and  transformation  assays  were  diluted  in 
EMEM  containing  10%  v/v  FBS  (EMEMIO)  to  prepare  2X  dosing  solutions  and 
further  dilutions  were  prepared  in  EMEMIO  containing  0.5%  DMSO.  The  primary 
medium  stocks  ranging  from  500  to  2000  fig/mL  were  cloudy  and  no  pH  change  was 
evident.  The  cultures  were  dosed  by  adding  4  mL  of  the  appropriate  dosing 
medium  to  4  mL  of  EMEMIO  already  present  in  the  culture  flasks. 

PraliJilnary  Dose  Rangefinding 

Glass  culture  bottles  with  approximately  60  cm^  of  surface  area  were 
seeded  concurrently  with  approximately  600  ouabain-resistant  3T3  cells  and  7  x 
10^  wildtype  cells.  The  following  day,  one  culture  was  exposed  to  each  of  10 
doses  with  and  without  S9,  starting  at  1000  pg/mL  and  diluting  in  2-fold 
steps.  Two  solvent  control  cultures  containing  0.25%  DMSO  in  EMEM(IO)  culture 
medium  were  prepared  for  both  test  conditions.  After  an  exposure  period  of 
approximately  4  h  in  the  presence  of  the  S9  activation  system  or  approximately 
72  h  without  S9,  the  cells  were  washed  with  a  physiological  solution  and  refed 
with  EMEM(IO)  culture  medium  containing  4  mM  ouabain.  The  cultures  were  refed 
with  medium  containing  4  mM  ouabain  4  to  5  days  later.  Surviving  colonies 
were  terminated  11-12  days  after  the  treatment  period,  stained  with  Giemsa, 
and  counted  manually. 

A  relative  survival  for  each  treatment  condition  was  obtained  by 
comparing  the  number  of  surviving  colonies  to  the  average  colony  count  for  the 
solvent  control  cultures.  This  survival  information  was  used  to  select  doses 
for  the  transformation  assay  that  would  span  an  anticipated  survival  range  of 
10  to  100%. 

Transformation  Assay 

The  transformation  assay  procedure  was  adapted  from  that  reported  by 
Kakunaga  (1973).  Glass  culture  bottles  having  a  monolayer  growth  area  of 
approximately  60  cm^  were  used.  Each  bottle  was  seeded  with  approximately  7  x 
10^  cells  for  the  transformation  assay  and  7  x  lo"*  cells  plus  approximately 
600  ouabain-resistant  cells  for  the  concurrent  clonal  survival  assay.  On  the 
day  after  seeding,  nine  cultures  were  exposed  to  each  selected  treatment  with 
PFDA  and  the  positive  controls.  Eiqhteen  cultures  were  used  as  solvent 
controls  for  each  of  the  test  conditions  (with  and  without  the  S9  activation 
system) .  One  mixed  culture  of  wildtype  and  ouabain-resistant  cells  was 
exposed  to  each  treatment  and  positive  control  condition;  two  mixed  cultures 
were  included  for  the  solvent  controls. 

The  treatments  were  conducted  at  37  ±  1®C  for  approximately  4  h  with  the 
S9  activation  system  and  approximately  72  h  without  S9.  The  treatments  were 
initiated  by  adding  4  mL  of  a  2X  stock  of  PFDA  or  solution  of  the  positive 
control  to  each  culture  containing  4  mL  of  culture  medium  (with  or  without  the 
S9  activation  system).  After  treatment,  all  cultures  were  washed  with  Hanks' 
balanced  salt  solution.  The  transformation  assay  cultures  were  refed  with 
fresh  EMEM  culture  medium,  and  the  incubation  was  continued  for  28  to  34  days 
with  refeeding  twice  a  week.  The  activation  studies  were  incubated  slightly 
longer  to  allow  adequate  expression  of  the  transformed  colonies.  The  clonal 
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aurvival  cultures  were  refed  with  medium  containing  4  mM  ouabain.  The 
cultures  were  refed  with  4  mM  ouabain  4  days  later  if  needed  and  were 
terminated  when  the  colonies  reached  a  size  that  could  be  easily  scored. 

The  cultures  were  terminated  by  fixing  the  cells  with  methanol  and 
staining  with  10%  Giemsa  in  tap  water.  Stained  cultures  were  examined  by  eye 
and  by  microscope  to  determine  the  number  of  foci  of  transformed  cells  and  the 
colony  survival.  The  transformation  assay  cultures  were  coded  with  random 
numbers  prior  to  evaluation  for  foci. 

Evaluation  of  Transformed  Foci 

At  the  end  of  the  incubation  period,  cultures  of  cells  with  a  normal 
phenotype  yielded  a  uniformly  stained  monolayer  of  round,  contact-inhibited 
cells.  Transformed  cells  formed  a  multi-layered  mass  of  cells,  or  focus,  that 
stained  deeply  and  was  superimposed  on  the  surrounding  monolayer  of  cells 
(Kakunaga,  1973;  Rundell  et  al.,  1983;  Rundell  1984a).  The  foci  were  variable 
in  size  and  exhibited  several  variations  in  morphological  features.  Many 
scored  foci  consisted  of  a  dense  piling-up  of  cells  with  a  random,  criss-cross 
orientation  of  fibroblastic  cells  at  the  periphery  of  the  focus  and  extensive 
invasiveness  into  the  contiguous  monolayer.  Other  scored  foci  were  composed 
of  more  rounded  cells  with  little  criss-crossing  at  the  periphery  but  with 
necrosis  at  the  center  caused  by  the  dense  piling-up  of  a  large  number  of 
cells.  A  third  variation  was  a  focus  without  the  necrotic  center  and  large 
number  of  cells  but  which  exhibited  the  criss-cross  pattern  of  overlapping 
cells  throughout  most  of  the  colony. 

Some  densely  stained  areas  were  not  scored  as  transformed  foci  because 
the  random  orientation  of  fibroblastic  cells  was  not  observed.  Microscopic 
examination  is  routinely  employed  for  scoring  and  for  the  final  judgement  of 
the  transformed  character  of  each  focus. 

All  foci  that  exhibited  the  transformed  characteristics  were  scored.  In 
the  raw  da.a,  a  record  of  focus  size  was  maintained  by  scoring  foci  greater 
than  4  mm  in  diameter  as  and  those  of  2  to  4  mm  in  diameter  as  Mo 

significance  is  currently  attached  to  this  categorization.  The  sum  of  all 
scored  foci  {***  and  **)  was  reported  for  each  culture  and  was  used  for  the 
assay  analysis. 

RESXn,TS  AND  DISCUSSION 

Clonal  Survival 

PFDA  was  lethal  to  BALB/c-3T3  cells  at  and  above  concentrations  cf 
100  ^ig/mL  in  the  absence  of  metabolic  activation.  Lower  concentrations  were 
nontoxic  (Table  7-1).  The  addition  of  the  rat  liver  S9  metabolic  activation 
system  caused  a  shift  in  toxicity.  The  test  material  was  lethal  at  a 
concentration  of  1000  ^g/wL  and  the  survival  increased  to  80.6%  when  the 
concentration  was  reduced  to  500  p/g/mL  (Table  7-2).  Lower  concentrations  were 
nontoxic.  These  results  were  used  to  choose  doses  for  the  transformation 
assay  and  results  from  the  early  transformation  assays  were  used  to  further 
define  the  dose  range.  For  the  ncnactivat ion  studies  used  in  the  evaluation, 
treatments  ranging  from  40  to  140  ^ig/mL  were  initiated.  In  the  presence  of  S9 
metabolic  activation,  treatments  ranging  from  50  to  650  ngJmL  were  initiated. 
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TABLE  7-1.  CYTOTOXIC  ACTIVITY  OP  PPDA  IN  THE 
PRELIMINARY  CLONAL  SURVIVAL  ASSAY 
WITHOUT  S9  ACTIVATION 


Treatment 

Condition 

Coloniea/Culture 

Relative  Cell 
Survival  (%) 

Solvent  Control** 

221,  211 

100.0 

PFDA  (/ig/mL) 

1.00 

221 

102.3 

2.50 

226 

104.6 

5.00 

235 

108.6 

10.0 

200 

92.6 

25.0 

213 

98.6 

50.0 

232 

107.4 

100 

0 

0.0 

250 

0 

0.0 

500 

0 

0.0 

1000 

0 

0.0 

**  EMEM  culture  medium 

containing  0.25%  DMSO. 

TABLE  7-2.  CYTOTOXIC  ACTIVITY  OF 
PRELIMINARY  CLONAL  SURVIVAL 
WITH  S9  ACTIVATION 

PFDA  IN 

ASSAY 

THE 

Treatment 

Condition 

Colonles/Culture 

Relative  Cell 
Survival  (%) 

Solvent  Control** 

102,  99 

100.0 

PFDA  (^g/mL) 

1,00 

96 

95.5 

2.50 

26 

25.9 

5.00 

102 

101.5 

10.0 

110 

109.5 

25.0 

101 

100.5 

50.0 

94 

93.5 

100 

113 

112.4 

250 

107 

106.5 

500 

81 

80.6 

1000 

a"  ' — -TT— : — "7 

0 

0.0 

EMEM  culture  medium  containing  0.25%  DMSO. 


Preliainary  Transformation  Studies 

Five  transformation  assays  conducted  in  the  absence  of  S9  metabolic 
activation  were  initiated,  but  the  first  two  trials  were  subsequently 
terminated  without  the  collection  of  any  valid  data  because  of  the  observation 
of  numerous  transformed  foci  in  the  negative  control  cultures.  The  third 
assay  was  terminated  due  to  contamination  and  no  data  was  available.  The 
data  from  the  fourth  and  fifth  assays  are  reported  in  Table  7-3  and  7-4, 
respectively.  In  the  presence  of  S9  metabolic  activation,  eight  trials  were 
initiated.  Trials  1,  2,  3,  4,  and  6  were  terminated  without  the  collection  of 
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valid  data  because  of  technical  problems  (numerous  foci  in  the  negative 
control  cultures,  contamination,  or  excessive  toxicity).  In  Trial  5,  the 
assay  did  not  include  doses  resulting  in  a  10%  to  50%  survival  because  of  a 
very  sharp  toxicity  curve.  These  data  are  presented  in  Table  7-5.  The 
remaining  two  trials  resulted  in  acceptable  survivals  and  the  data  are 
reported  in  Table  7-6  and  Table  7-7,  respectively. 

The  presence  of  excessive  transformed  colonies  in  the  solvent  control 
cultures  in  some  of  the  early  trials  resulted  in  the  temporary  interruption  of 
this  study  until  the  reason(s)  could  be  identified  and  eliminated.  After 
several  months,  a  new  lot  of  FBS  for  the  culture  medium  was  identified  that 
afforded  normal  behavior  for  the  negative  control  cultures.  This  serum  and  a 
fresh  batch  of  cells  from  the  cryopreaerved  stock  were  used  to  reinitiate  the 
study . 

Transformation  Assay  Without  39 

Table  7-3  summarizes  the  results  obtained  for  PFDA  in  the  first  complete 
trial  of  the  transformation  assay  without  S9.  In  Trial  1,  six  treatments 
ranging  from  40  to  140  pg/mL  were  initiated.  The  culture  exposed  to  140  pg/mL 
treatment  could  not  be  analyzed  because  of  excessive  toxicity.  The  remaining 
five  treatments  induced  a  wide  range  of  toxicities  (35.9  to  93.2%  relative 
survival).  The  frequency  of  transformed  foci  in  the  cultures  exposed  to  PFDA 
was  not  significantly  elevated  above  the  solvent  control  values.  In  contrast, 
the  MCA  positive  control  induced  a  significant  increase  in  focus  formation. 

In  order  to  confirm  the  lack  of  activity  by  PFDA  a  second  nonactivation  assay 
was  initiated. 

Results  from  the  second  complete  trial  without  S9  are  presented  in  Table 
7-4.  Seven  treatments  ranging  from  50  to  140  ^ig/mL  were  initiated  in  Trial  2. 
Both  the  140  i^g/nd,  and  130  /jg/aiL  treatments  were  excessively  toxic  and  could 
not  be  analyzed.  Survivals  of  the  remaining  five  treatments  ranged  from  15.5 
to  102.6%  of  the  solvent  control  value.  No  significant  increase  in 
transformed  foci  was  observed  in  any  of  the  teat  article-treated  cultures. 

The  MCA  positive  control  induced  a  large,  significant  increase  in  transformed 
foci.  Because  no  significant  increase  in  transformed  foci  was  induced  by  PFDA 
in  two  trials  of  the  BALB/C-3T3  transformation  assay,  the  test  material  was 
evaluated  as  nontransforming  in  the  absence  of  S9  metabolic  activation. 

Transformation  Assay  with  39 

The  results  obtained  for  PFDA  in  the  first  completed  trial  of  the 
transformation  assay  with  S9  are  summarized  in  Table  7-5.  In  Trial  1,  eight 
treatments  ranging  from  50  to  650  pg/mL  were  initiated.  The  treatments  at 
concentrations  of  650,  600,  and  550  ijg/mL  could  not  be  analyzed  because  of 
excessive  toxicity.  The  culture  exposed  to  a  concentration  of  500  pg/ml. 
formed  a  good  monolayer  and  the  dose  was  analyzed  despite  a  5.9%  relative 
survival.  When  the  concentration  of  the  test  article  was  reduced  to  250 
pig/mL,  the  survival  increased  to  96.8%.  No  significant  increase  in  the  number 
of  transformed  foci  were  observed  in  any  of  the  PFDA-treated  cultures  but  no 
treatments  resulted  in  the  10%  to  50%  survival  range  where  activity  is  usually 
observed.  Both  of  the  DMN  positive  controls  clearly  induced  foci.  A  second 
assay  was  initiated  in  the  presence  of  S9  metabolic  activation  to  clarify  the 
response  with  doses  in  the  desired  toxicity  range. 
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ZABLE  7-3.  TKAMSFORMIKO  ACTIVIIY  OT  PFDA  ASSESSED  IH  THE 
TXAMSFORMAIIOM  ASSAY  USINO  BALB/C-3T3  CELLS 
MITBOUT  S9  ACZIVAIIOH 
TRIAL  1 


Zreateent 

Condition 

Colony 

Count*'^ 

Relative 

Survival^ 

Focus 

Data 

Transfonlng 

Activity 

Total 

Cultures 

Total 

Foci 

Average 

Foci/ 

Culture 

Mean 

Foci/ 

Culture 

Solvent  Control” 

295 

100.0 

18 

1 

0.06 

0.04 

Positive  Control^ 

193 

65.4 

9 

34 

3.78 

3.65** 

PFDA  (pg/mL) 

40.0 

275 

93.2 

9 

0 

0.00 

0.00 

60.0 

249 

84.4 

9 

0 

0.00 

0.00 

80.0 

272 

92.2 

9 

1 

0.11 

0.08 

100 

195 

66.1 

9 

1 

0.11 

0.08 

120 

140 

106 

35.9 

NOT  SCORED 

9 

DUE  TO 

0  0.00 
EXCESSIVE  TOXICITY 

0.00 

Clonal  survival  assay  performed  concurrently  with  the  transformation  assay. 
There  were  2  cultures  (averaged)  for  the  solvent  control  and  1  culture  for  all 


other  conditions. 

°  Colony  survival  relative  to  the  solvent  control. 

^  The  mean  transforming  activity  is  expressed  as  the  anti-log  of  the  mean  minus 

one. 

^  Solvent  Control]  EKEM  culture  medium  containing  0.25%  DMSO. 

^  Positive  Control:  The  positive  control  treatment  was  MCA  (2.5  pg/mL). 

•*  p  <  0.01. 
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IABI2  7-4.  XKANSFORMINO  ACTIVITY  OF  PFSA  ASSESSED  IN  THE 
TRANSFORMATION  ASSAY  USINO  BALB/C-3T3  CEIXS 
NXTBOUT  89  ACTIVATION 
TRIAL  3 


Traataant 

Condition 


Colony  Ralatlva 

Count*'**  Surrlval® 

(%) 


Transforming 

Focus  Data  Activity 


Avaraga  Naan 

Total  Total  Foci/  Foci/ 

Culturas  Foci  Culture  Culture 


Solvent  Control 

348 

100.0 

18 

16 

0.89 

0.66 

Positive  Control^ 

157 

45.1 

9 

40 

4.44 

4.38** 

PFDA  (pg/mL) 

50.0 

354 

101.7 

9 

9 

1.00 

0.79 

75.0 

357 

102.6 

79 

6 

0.86 

0.74 

100 

235 

67.5 

89 

8 

1.00 

0.86 

110 

268 

77.0 

9 

6 

0.67 

0.47 

120 

54 

15.5 

8** 

0 

0.00 

0.00 

130 

40 

11.5 

NOT 

SCORED 

DUE 

TO  INCOMPLETE  : 

MONOLAYERS. 

140 

2 

0.6 

NOT 

SCORED 

DUE 

TO  INCOMPLETE  1 

MONOLAYERS . 

“  Clonal  survival  assay  performed  concurrently  with  the  transformation  assay. 

Thera  were  2  cultures  (averaged)  for  the  solvent  control  and  1  culture  for  all 
other  conditions. 

Colony  survival  relative  to  the  solvent  control. 

The  mean  transforming  activity  is  expressed  as  the  anti-log  of  the  l'>92.0  minus 

one. 

Solvent  Control t  EHEM  culture  medium  containing  0.25%  DMSO. 

Positive  Control!  The  positive  control  treatment  was  MCA  (2.5  pg/mL). 

Contiuninated  cultures  excluded. 

One  culture  not  scored  due  to  incomplete  monolayer. 

*•  p  <  0.01 


Table  7-6  summarizes  the  results  obtained  in  the  second  trial.  In  Trial 
2,  seven  treatments  ranging  from  300  to  500  pg/mL  were  initiated  and  a  good 
range  of  toxicities  was  induced.  Treatment  at  a  concentration  of  500  pg/ml. 
appeared  lethal  in  the  cytotoxicity  portion  of  the  assay  but  enough  cells 
survived  that  a  monolayer  formed  and  analysis  was  possible.  The  remaining  six 
treatments  induced  a  good  range  of  toxicities  including  two  which  resulted  in 
a  survival  of  between  10%  and  50%.  No  significant  incret^ae  in  the  number  of 
transformed  foci  was  observed  in  any  of  the  cultures  treated  with  the  teat 
material.  In  contrast,  both  the  DMN  positive  control  treatments  induced  a 
large  increase  in  transformed  foci  that  were  significant  at  the  99%  confidence 
level.  PFDA  was  therefore  evaluated  as  inactive  in  this  assay  in  the  presence 
of  S9  metabolic  activation.  A  third  activation  assay  was  initiated  to  confirm 
these  results. 

In  the  third  complete  transformation  assay  performed  in  the  presence  of 
39  metabolic  activation  (Table  7-7),  seven  treatments  from  ranging  from  300  to 
500  /Lig/mL  were  initiated.  This  assay  confirmed  the  absence  of  transforming 
activity  by  PFDA.  The  500  pg/mL  treatment  was  excessively  toxic  and  could  not 
be  analyzed.  The  remaining  six  treatments  resulted  in  relative  survivals 
ranging  from  5.0  to  86.0%.  Nona  of  the  treatments  induced  a  significant 


•lavation  in  transfomad  foci.  In  contraat,  both  positive  control  treatments 
with  DHN  induced  a  large  increase  in  transformed  foci.  PFDA  was  therefore 
evaluated  as  nontransforming  to  BALB/c-3T3  cells. 


XULC  7-5.  TSAMSPORMINO  ACTIVITY  OP  PPDA  ASSZSSEO  IM  THE 
TKAMSPORMATION  ASSAY  USINO  BALB/C-3T3  CELLS 
MITH  89  ACTIVATION 
niAL  1 


Treatment 

Condition 

Colony 

Count*'** 

Relative 

Survival^ 

/tt  _ 

Poeus  Data 

Transforming' 

Activity 

Total  Total 

Cultures  Poei 

Average 

Poci/ 

Culture 

Mean 

Poci/ 

Culture 

Solvent  Control*^ 

187 

100.0 

18 

12 

0.67 

0.51 

Positive  Control^ 

DMN,  1  ^L/mL 

114 

61.0 

9 

21 

2.33 

1.94** 

DMN,  2  pL/mL 

108 

57.8 

9 

38 

4.22 

3.33** 

PFDA  (^g/mL) 

50.0 

173 

92.5 

9 

2 

0.22 

0.17 

75.0 

209 

111.8 

9 

2 

0.22 

0.13 

125 

157 

84.0 

9 

5 

0.56 

0.47 

250 

181 

96.8 

9 

0 

0.00 

0.00 

500 

11 

5.9 

9 

0 

0.00 

0.00 

550 

3 

1.6 

NOT 

ANALYZED 

DUE 

TO 

EXCESSIVE 

TOXICITY. 

600 

0 

0.0 

NOT 

ANALYZED 

DUE 

TO 

EXCESSIVE 

TOXICITY. 

650 

0 

0.0 

NOT 

ANALYZED 

DUE 

TO 

EXCESSIVE 

TOXICITY. 

^  Clonal  survival  assay  performed  concurrently  with  the  transformation  assay. 

Thera  were  2  cultures  (averaged)  for  the  solvent  control  and  1  culture  for  all 
other  conditions. 

®  Colony  survival  relative  to  the  solvent  control. 

The  mean  transforming  activity  is  expressed  as  the  anti-log  of  the  log^^Q  mean  minus 
one. 

®  Solvent  Control;  EMEM  culture  medium  containing  0.25%  DMSO. 

Positive  Control;  The  positive  control  treatment  was  DMN  at  the  concentrations  shown. 

*•  p  <  0.01. 
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XABLI  7-6.  TRANSFORJIINO  ACTZVITX  OF  PFDA  ASSESSED  IM  THE 
ZXAMSFORMATION  ASSAY  OSINO  BALB/C-3T3  CELLS 
WITH  89  ACTIVATION 
TEZAL  2 


Treataent 

Condition 

Colony 

Co»int*'** 

Relative 

Survival*’ 

ik\ 

Focus 

Data 

Iransforaing' 

Activity 

\^9 

Total 

Cultures 

Total 

Foci 

Average 

Foci/ 

Culture 

Naan 

Foci/ 

Culture 

Solvent  Control** 

203.5 

100.0 

18 

11 

0.61 

0.48 

Positive  Control^ 
DMN,  1  fiL/mL 

173 

85.0 

9 

48 

6.00 

5.61»* 

DMN, 

2  pL/mL 

135 

66.3 

69 

37 

6.17 

5.33** 

PFDA 

300 

(pg/mL) 

186 

91.4 

89 

11 

1.38 

1.21 

350 

185 

90.9 

89 

6 

0.75 

0.49 

400 

108 

53.1 

9 

3 

0.33 

0.26 

425 

72 

35.4 

89 

5 

0.63 

0.49 

450 

80 

39.3 

9 

5 

0.56 

0.42 

475 

11 

5.4 

9 

8 

0.89 

0.66 

500 

0 

0.0 

9 

6 

0.67 

0.54 

*  Clonal  survival  assay  performed  concurrently  with  the  transformation  assay. 

^  There  were  2  cultures  (averaged)  for  the  solvent  control  and  1  culture  for  all 
other  conditions. 

°  Colony  survival  relative  to  the  solvent  control.  . 

The  mean  transforming  activity  is  expressed  as  the  anti-log  of  the  log^Q  mean  minus 
one. 


e 

f 

g 


Solvent  Control 1  EMEM  culture  medium  containing  0.25%  OMSO. 

Positive  Control:  The  positive  control  treatment  was  DMN  at  the  concentrations 
Contaminated  culture  or  cultures  excluded. 


shown. 


••  p  <  0.01. 
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lABLS  7-7 

TRAMSFORMZNO  ACTIVITY  OF  PFDA  ASSESSED  IN  THE 
TRANSFORMATION  ASSAY  USING  BALB/C-3T3  CELLS 
WITH  S9  ACTIVATION 
TRIAL  3 


Trastaent 

Condition 

Colony 

Count* 

Relative 

Survival® 

(%> 

Focus  Data 

Transforuing 

Activity 

Total 

Cultures 

Total 

Foci 

Average 

Foci/ 

Culture 

Mean 

Foci/ 

Culture 

Solvent  Control^ 

222 

100.0 

18 

19 

1.06 

0.71 

Positive  Control^ 
DMN,  1  pL/mL 

157 

70.7 

9 

40 

4.44 

3.95** 

DMN, 

2  ;iL/mL 

124 

55.9 

9 

27 

3.00 

2.63** 

PFDA 

300 

(pg/mL) 

191 

86.0 

9 

3 

0.33 

0.22 

350 

178 

80.2 

9 

2 

0.22 

0.17 

400 

168 

75,7 

9 

4 

0.44 

0.32 

425 

144 

64.9 

9 

6 

0.67 

0.49 

450 

124 

55.9 

9 

7 

0.78 

0.61 

475 

11 

5.0 

9 

8 

0.89 

0.66 

500 

6 

2.7 

NOT  ANALYZED 

DUE  TO 

EXCESSIVE  TOXICITY. 

**  Clonal  survival  aaaay  performed  concurrently  with  the  transformation  assay. 

^  There  were  2  cultures  (averaged)  for  the  solvent  control  and  1  culture  for  all 
other  conditions. 

°  Colony  survival  relative  to  the  solvent  control. 

The  mean  transforming  activity  is  expressed  as  the  anti-log  of  the  log^Q  mean  minus 
one. 

*  Solvent  Control:  EMEM  culture  medium  containing  0.25%  DHSO. 

^  Positive  Control:  The  positive  control  treatment  was  DUN  at  the  concentrations  shown. 

••  p  <  0.01. 

CONCLUSION 

PFDA  was  evaluated  within  a  dose  range  of  from  40.0  to  140  pg/mL  in  the 
absence  of  S9  metabolic  activation  and  from  50.0  to  650  pg/mL  in  the  presence 
of  a  rat  liver  S9  metabolic  activation  system.  Two  independent  trials  were 
evaluated  under  nonactivation  conditions  and  three  in  the  presence  of  S9 
activation.  A  wide  range  of  toxic  responses  was  obtained,  but  no  significant 
change  in  the  frequency  of  transformed  foci  was  observed  in  the  absence  or 
presence  of  S9  metabolic  activation.  PFDA  was  therefore  evaluated  as  negative 
for  transforming  BAL8/C-3T3  cells  in  culture. 
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APPENDIX  7-A 


ASSAY  ACCEPTANCE  AND  EVALUATION  CRITERIA 
Assay  Accsptancs  Criteria 

The  clonal  survival  assay  conducted  simultaneously  with  the 
transformation  assay  was  considered  acceptable  for  evaluation  of  the  test 
results  by  meeting  the  following  three  criteria. 

1.  The  negative  (solvent)  control  cultures  were  macroscopically 
visible  BALB/C-3T3  cell  colonies  representing  a  cloning  efficiency 
of  15%  or  greater. 

2.  At  least  one  of  the  test  material  treatments  resulted  in  10%  to 
50%  cell  survival. 

3.  A  cytotoxic  dose  response  was  obtained  for  the  test  material 
treatments,  unless  the  teat  material  was  nontoxic  at  10  mg/mL  or 
its  solubility  limit  in  culture  medium  was  exceeded. 

The  transformation  assay  was  considered  acceptable  for  evaluation  of 
test  results  by  meeting  the  following  five  criteria. 

1.  Negative  (solvent)  control,  positive  control,  and  test  material 
treatments  resulted  in  contiguous  monolayers  of  cells  to  be 
evaluated. 

2.  Negative  control  spontaneous  frequencies  of  transformation  did  not 
exceed  an  average  of  approximately  two  foci  per  culture. 

3.  At  least  one  of  the  positive  control  treatments  resulted  in  an 
average  number  of  foci  per  culture  vessel  that  was  significantly 
different  from  the  negative  control  at  the  99%  confidence  level 
(p  S  0.01) . 

4.  A  minimum  number  of  six  culture  vessels  per  test  condition  was 
available  for  analysis. 

5.  A  minimum  number  of  three  treatment  levels  of  the  test  material 
was  available  for  analysis. 

In  addition,  the  cytotoxicity  dose-related  data  from  the  preliminary  and 
simultaneous  clonal  survival  assays  were  qualitatively  similar  over  a 
comparable  range  of  test  chemical  treatments. 

Assay  Evaluation  Criteria 

The  appearance  of  transformed  foci  usually  occurs  as  a  general  increase 
in  foci  for  all  cultures  exposed  to  a  transforming  dose  level.  Howe^’er,  large 
numbers  of  foci  may  appear  at  random  in  one  or  more  culture  vessels  in  a 
treatment  set,  resulting  in  sitewing  of  the  mean  number  of  foci  in  that  set. 
This  skewing  could  be  caused  by  factors  such  as  mechanical  disruption  and 
respreading  of  transformed  foci  cells  or  a  culture-conditioning  effect  caused 
by  the  early  appearance  of  a  focus.  The  appearance  of  occasional  dishes  with 
numerous  foci  io  a  random  process  and  occurs  in  both  treated  and  control  cell 
cultures.  In  our  laboratory,  we  have  utilized  a  log^^Q  mathematical 
transformation  to  handle  this  non-normal  distribution  of  BALB/C-3T3  cell 
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transformed  foci  data  (Rundell  et  al.,  1983);  however,  other  mathematical 
models  have  also  been  proposed  (Whorton  et  al.,  1982).  After  performing  a 
log^Q  transformation  of  the  data,  Bailey's  modification  of  the  Student's 
t-test  (Bailey,  1959)  was  used  to  evaluate  positive  control  and  test  chemical 
treatment  transforming  activity  for  significant  differences  from  the  negative 
control.  The  possible  spectrum  of  responses  was  routinely  subdivided  into 
three  levels  for  the  evaluation  of  each  treatment. 

Evaluation  of  Individual  Treataents 

Strong  positive  response  >  p  s  0.01 
Weak  positive  response  »  p  S  0.05 
Negative  response  >  p  >  0.05 

The  results  of  each  treatment  condition  were  evaluated  in  relation  to 
the  observed  activities  of  model  compounds,  and  scientific  judgement  was 
exercised  in  the  evaluation  of  each  test  material. 

In  general,  a  response  at  only  one  dose  level  attaining  a  95%  confidence 
level  is  not  considered  sufficient  evidence  for  activity  in  this  assay. 
However,  responses  at  two  or  more  treatment  levels  attaining  the  95% 
confidence  level  and  exhibiting  evidence  of  a  dose  relationship  are  considered 
as  evidence  for  transformation.  Responses  achieving  the  99%  confidence  level 
for  one  or  more  test  material  treatments  are  usually  considered  sufficient  for 
a  positive  evaluation. 
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